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THE MONT CENIS TUNNEL. 


By FRANCIS KOSSUTH, C.E. 


From “ Engineering.” 


The construction of the tunnel under 
the Alps, between Bardonnéche and Mo- 
dane, was commenced, in accordance with 
a Bill passed in the Italian Parliament, on | 
the 15th of August, 1857. The official 
sanction to this Bill was given after the | 
Comm.ttee appointed by the Government 
with the object of examining the project for 
the tunnel that had been presented by the | 
Italian engineers, Messrs. Grattoni and | 
Sommeiller, had delivered their report. 
' This report referred especially to the me- 
chanical appliances proposed for the car- 
rying out of the work. 

At the time that the Bill was issued the 
preparatory designs alone were ready, to- 
gether with the models of the machinery 
with which the Government Commission 
had made their experiments. Although | 
all the fundamental ideas of the engineers | 
were clearly expressed, and the possibility | 
of executing the work was materially | 
proved by experiments before the colossal | 
undertaking was commenced, the techni- | 
ca. directors felt obliged to execute the | 
working designs of the whole project, and | 
to study carefully each separate part. 
This is why the preparatory and external 
works only could be proceeded with in 
the same year, 1857. 

The plans previously developed under 
the direction of Mr. Mans, ard followed | 
out by his colleague, Mr. Bombeaux, an en- | 
gineer of great experience and undoubted ' 
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practical ability, were taken as a guide in 


| deciding upon the works that were to be 


at once commenced on each side of Mont 
Frejus. The two chief points having been 
fixed, and the general direction of the 
axis of the tunnel having been approxi- 
mately determined, excavation was begun 
at both extremities by hand labor alone, 
and continued till the mechanical system 


could be applied. 
CONDITION OF THE LOCATION. 


Before entering into further particulars, 
it may be found interesting to refer to the 
conditions of the locality in which the 
two industrial centres of the works were 
to be established, in order to give an idea 
of the difficulties encountered at the com- 
mencement of the works, and which could 
hardly be conceived by those who were 
unacquainted with the two miserable Al- 
pine villages, Bardonnéche and Four- 
neaux, before the head works of the great 
tunnel werc established close to them. 

Bardonnétche is a village situated at an 
elevation of more than 4,200 ft. above the 
level of the sea, and in 1857 it was popnu- 
lated by a thousand inhabitants, a large 
proportion of whom, even now, being shep- 
herds, migrate from the village during 
the summer months to remote feeding 
tracks. The whole population, with the 
exception of the small number that crosses 
over to the south of France, and especially 
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to Marseilles, live on the products of their | 
own miserable fields, on their cattle, and | 
by the rearing of mules. As the houses 
were built in accordance with the wants 
and very limited means of the people, and 
as their customs and mode of life were 
of the most primitive description, ex- 
ceeding in poverty and rudeness those of 
the poorest villages of the plain, while, 
moreover, they passed the rigorous winter 
months crowded in stables amongst their 
cattle, it at first appeared hopeless to 
unite at Bardonnéche the necessary num- 
ber of clerks and workmen to give a suffi- 
cient force at the commencement of the 
works. Not only were the most essential 
articles of food and of household neces- 
saries wanting, but even the means of 
communication were insufficient for ob- 
taining supplies. One of the first things 
to be done, therefore, was to provide for 
the repair and alteration of the houses, 
and at the same time to encourage the 
primitive arts and industries, without 
which it would have becn excessively ex- 
pensive, if not impossible, to keep the 
workmen in such a place. 

Under these circumstances, for above 
two years, the engineers, clerks, and ope- 
ratives had to submit to discomfort hardly 
conceivable by persons who have not lived 
in those wild Alpine districts during the 
winter season. 

At Fourneaux the conditions of the lo- 
cality were no better. Fourneaux is a 
village numbering barely 400 inhabitants, 
absolutely without any means whatever of 
ministering to the wants of an increased 
population. There were no lodgings, ex- 
cept in filthy stables, and no shops where 
the workmen vould purchase an ounce of 
eatable food. The clerks and workmen 
were forced to quarter themselves at Mo- 
dane, # village of some importance, but 
more than a mile and a quarter from 
Fourneaux, and for three years all were 
obliged to walk that distance, over rocks, 
marsh, and morass, three or four times a 
day, exposed to all the inclemency of an 
extremely severe climate, acd sometimes 
through snow five feet in depth. 

Such were the conditions under which 
the external and preparatory works were 
begun. 

These works consisted at first almost 
exclusively of masonry; and as building is 
very tedious in these regions, the progress 





was slow, for the masons can only calcu- 


late six months in which they can work, 
and even out of this time they must lose 
many days on account of bad weather. 


CHRONOLOGICAL ORDER OF THE FIELD WORKS. 


The tracing of the axis of the tunnel 
was of the greatest importance, and it 
had to be undertaken and carried out as 
quickly as possible, so as to permit of the 
commencement of the excavation at both 
ends. 

The problem to be solved was: 1. To 
fix across the mountain several points, 
which would all be contained in the verti- 
cal plane drawn through the axis of the 
tunnel ; 2. To obtain the exact length be- 
tween the openings; 3. To know the 
precise difference of level between the 
two extremities of the tunnel, so as to 
obtain the proper gradients. 

These labors were first assigned to 
Messrs. Borelli and Copello, civil engi- 
neers. The first operation was to trace 
a trial line from the fixed point from the 
opening at Fourneaux towards Bardon- 
néeche. This line, which was traced as 
rapidly as the position of the locality 
could permit, and with such a degree of 
accuracy as is necessary for a trial trac- 
ing, intersected the valley of Rochesmolles 
at a point much higher up in the valley 
than that previously fixed for the southern 
opening. Being guided by this first trac- 
ing, and re-starting from the northern 
opening, a second line was located, which 
terminated near Bardonnéche, very close 
to the spot which was aimed at. 

Again, taking the second tracing as a 
guide, a third axis was finally traced, 
which fully corresponded to the proposed 
conditions, as it passed by both the points 
previously fixed for the openings of the 
tunnel in the valleys of Arc and Roches- 
molles. These first operations, although 
accomplished with the greatest possible 
dispatch, and though the season was con- 
stantly favorable, could not be completed 
before the beginning of September, for 
much of the time was taken up by jour- 
neying to and fro between the opposite 
sides of the mountain, and also owing to 
the rugged and difficult nature of the 
ground over which the line had to be laid 
out. The approximate axis of the tunnel 
having thus been determined, it yet re- 
mained to be traced out in a definite and 
permanent manner, in order that the 
fixed signals might be set up, and the 
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exact points found at which the observa- | done, were set in hand. These opera- 
tories were to be erected at each opening, | tions were preceded by the selection of 
as well as at the highest point of the| those culminating points which were 
mountain. This was done in the month | found to be best adapted to form the 
of September, while excursions were also | most suitable system of triangles, and the 
made to the highest peaksof the principal | choice of a base among the sides pre- 


chain and of the adjacent mountains, with | 
the view of finding out the trigonometrical 
points of the Royal Engineering staff sur- 
vey, and to fix the others, which would | 
suit best as vertices of future triangula-| 
tion. At the beginning of October, 1857, | 
the most important fixed signals on the | 
northern side, and all those on the | 
southern, were definitely fixed, as well as 
the corresponding points of the observa- 
tory of the southern opening ; and there 
only remained to decide the spot which 
was afterwards to serve for the northern 
observatory, and to fix definitely some 
secondary signals on the northern side of 
the mountain. At that time Mr. Borelli 
was called upon to superintend the local 
direction of the works, begun at Baron- 
néche, and it fell to the lot of Mr. Copello 
to complete the work still unfinished, 
relative to the tracing of the tunnel. The 
first falls of snow prevented the field 
work from being completed till about the 
middle of October, and on the 20th of this 
month such difficulties were met with in | 
consequence of snow and wind, that the 
idea of continuing any work in that year 
had to be given up. Atthe same time, in 
which the tracing of the axis was going 
on, levelling was commenced along the | 
mountain, direct from one opening to 
another, crossing the peak near Frejus, 
following as nearly as possible the axis 
traced on the mountain ; and on the route | 
were placed a number of altimetrical sig- 
nals to be used in controlling the opera- 
tions. The results of this levelling, after 
having been done twice, althongh not 
considered definite, were sufficiently in 
accordance to warrant the prosecution of 
the excavation at each end of the tunnel ; 
especially as it was easy to compensate | 
for the slight changes which might still | 





viously traced out by the engineering 
staff, for the general survey of the coun- 
try. This work, which took up ali the 
second half of July, was executed by Mr. 
Copello. When the triangulation was 
completed, and the base of one of the 
triangles of the engineering staff, with 
which the new triangulation had to be 
brought into geodetical connection, was 
chosen, the measurement of the angles of 
the system was immediately proceeded 
with, beginning from the highest vertices, 
and descending by degrees to the lowest 
points ; first, on the side of Bardonneche, 
and then on that of Modane. The com- 
plete operation, which includes 21 geode- 
tical stations, and as many as 86 measur- 
ed angles, each of which was checked 
over at least 10 times, could not be fin- 
ished before the beginning of October, 
1858. In the same time, however, 
all the special points of the longi- 
tudinal section on the axis of the tun- 
nel could be divided out with sufli- 
cient exactitude ; the respective distances 
being deduced, either by direct measure- 
ment or by the solution of the minor tri- 
angles (tied to the principal system), and 
the heights of which, found by direct 
levelling, were brought into geodetical 
connection with the fixed altimetrical sig- 
nals across Mont Frejus. 

During this period the observatory, 
placed on the highest point of the moun- 
tain, was erected, and having thus as- 
sured for the instrument and the oper- 
ator a shelter against the furious winds 
which rage on those bare rocks, the 
tracing of the axis of the gallery could be 
re-undertaken and verified with the great- 
est possible precision. Finally, in that 
same surveying campaign, Mr. Mondino 
again completed a set of direct levels be- 


be necessary to introduce in the arrange- | tween the headings of the tunnel, by 
ment of the gradients, when the ultimate | which new operation the difference of 
studies for fixing the exact difference of | their respective altitudes was ascertained 
level between the two entrances, and the| with perfect accuracy. At the end of the 
precise length of the tunnel had been, season, 1858, all the surveys relating to 
completed. | the alignment and to the length of the 

Towards the middle of July of the fol-| tunnel were terminated, and everything 


lowing year (1858), the trigonometrical| was ready to compile the longitudinal 
operations which still remained to be section along the axis of the tunnel. 
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Having thus sketched out in chrono- 
logical order the different preliminary 
surveying and levelling operations, which 
were undertaken to ascertain the exact 
position and the gradient of the work, as 
well as for the measurement of its length; 
and having given an historical account of 
the various operations carried out in tra- 
cing the axis of the Mont Cenis Tunnel, 
we shall now proveed to describe the 
method followed in their execution, in 
order to obtain such a degree of accuracy 
as could be relied upon with absolute cer- 
tainty. The longitudinal section repre- 
sented in the annexed engraving, will ex- 
plain the reason for the method which 
was adopted. Looking from the summit 
of the Grand Vallon, which stands almost 
midway between the two entrances of the 
tunnel, and on the highest point of the 
chain intersected by its axis, it will be 
seen that the southern side towards Bar- 
donnéche, offers only two remarkable 
points, the one at Q, which marks the 
crossing of the torrent Merdovine, and 
the other, 8, which is on the summit of 
Banda. On the northern side there is a 
spur which commences near the observa- 
tory placed on the top of the mountain ; 
and then continues sloping downwards, 
following very nearly the direction of the 
axis of the tunnel, by which it is met in 
three places, M, T, and F, corresponding 
to Vallonet, LaRionda, and Lachalle, so 
called from the names of the summits on 
which they stand. 

Between Lachalle and the bottom of 
the Valley of the Are, the only remarka- 
ble point on the side of the mountain is 
at E, where the line meets with the tor- 
rent of the Grand Vallon. The axis of 
the tunnel being prolonged on the south- 
ern side, beyond the torrent Rochemolles, 
the Millaures are met with, and here the 
extreme point, U, was fixed in such a 
manner that the visual line passing 
through it, and the observatory of the 
Grand Vallon should be tangential to the 
peak of Banda. On the northern side, 
the axis of the tunnel being prolonged 
across the Valley of the Arc, and extend- 
ed on the southern side of the same, the 
observatory, B, of the entrance was erect- 
ed, as well as the signal A, of Pietra 
Bianca. It is easy to perceive that in 
order to obtain a point from which a 
visual line could be drawn to the princi- 
pal observatory, it would be necessary to 





ascend to a great height because of the 
Grand Vallon, and therefore the extreme 
point of the line on this side had to be 
fixed at a long distance from the north 
opening, and at a.considerable height. 

When the approximate axis was deter- 
mined, so as to meet the required condi- 
tions, namely, to pass through the two 
points fixed for the opening of the tunnel, 
the points where the principal observa- 
tory of the Grand Vallon was to stand, as 
well as that on the southern side of the 
Valley of the Arc, which was to be the 
extreme point of Les Sapins, were defi- 
nitely established. From the observatory 
of the Grand Vallon a third point was 
next fixed, which, as we have said, was 
the extreme station situated beyond the 
valley of Rochemolles at Beauvoir. 

This very simple operation which in- 
cluded all the tracing, was repeated and 
verified many times by various methods 
and from different observatories ; the in- 
strument used was a large theodolite by 
Lerieux, of Paris, and by means of it the 
signal placed at Les Sapins was distinctly 
seen from the observatory of the Grand 
Vallon, although the distance between 
them was more than 9,840 yards. 

It was impossible to execute the tracing 
of the axis in the usual manner, that is to 
say, so that the ends of the line might be 
visible one from the other, unless at such 
a distance as to cause serious chances of 
error in the precision of the observations, 
whereas even if any mistake inseparable 
from the workmanship of the instrument, 
and from the method used, had occurred 
in following out the system just described 
(i.e., of prolonging the axis beyond the 
two entrances, and choosing an interme- 
diate point where the extended terminal 
points could be seen), the error would 
not have been of great consequence, be- 
cause if, for example, the mistake con- 
sisted in an angle of deviation, by turning 
the instrument round 180 deg., such an 
angle could only differ from the one given 
by the first observation of the vernier of 
the theodolite by at the utmost 10 sec., 
that is to say, the observatory of the 
grand Vallan, instead of being placed on 
a straight line drawn between the two 
entrances, would be at the vertex of two 
lines diverging at an angle of 10 sec.; 
now, such a mistake, at the utmost, would 
give a deviation of 11.42 in., a deviation 
to be remedied so easily as to give rise to 
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no serious apprehensions upon the defini- 
tive result of the undertaking. 

The line having been selected by means 
of the Les Sapins, the observatory of the 
Grand Vallon, aud Beauvoir, there ex- 
isted no difficulty in fixing the other 
points. The south opening was marked 
by sighting Banda, S, from Beauvoir, U, 
and then aiming with the instrument 
from Banda to Beauvoir, was established 
the southern observatory, T, from which 
the opening was worked. A similar ope- 
ration for the north opening was some- 
thing more tedious to carry out, for it 
was necessary, when sighting with the in- 
strument from the observatory of the 
Grand Vallon to Les Sapins, first to sight 
Vallonet, M, and then, having removed 
the instrument to this position, to con- 
tinue the collimation, first to the extreme 
point on the southern side of the Are, to 
mark the Rionda, I, and the Pietra Bi- 
anca, A, then again to remove the instru- 
ment to the Rionda, and fix successively 
Les Sapins and Pietra Bianca, to mark 
Lachalle, F, when, having carried the in- 
strument to this last point, and finally 
collimating at Les Sapins and Pietra Bi- 


anca, the position of the northern obser- 
vatory, B, could be marked, and from it 
the northern opening and another secon- 
dary point at Les Aysards, D. The con- 
figuration of the ground,which has already 
been described, made it necessary that all 
these successive references from one point 


to the preceding, should be made. Of 
the exxctness of the operation, however, 
no doubt can be entertained, if it be re- 
membered that the point to be fixed was 
very near the observer, whereas, on the 
contrary, the point sighted with the in- 
strument, while fixing the former, was at 
a considerable distance. 

The most important peak on the north- 
ern side (owing to its being the furthest 
that could be sighted from an observatory 
at the opening), and which served to 
check the line of the tunnel, is Lachelle, 
and it may be considered as fixed with 
the greatest exactness, so that if even 
here scme mistake had been made, the 
consequences would not have seriously 
affected the final result. 

On the southern side of the mountain 
the point sighted for the tracing of the 
tunnel was Banda, this being the only one 
visible from the observatory of Bardon- 
néche, and which was only about 2,624 ft. 





from it; this short distance could not 
have been thoroughly relied upon if the 
position in which it was placed had not 
been fixed with the greatest precision ; in 
fact, we mentioned that the visual line 
from the observatory of the Grand Vallon 
to the extreme signal at Beauvoir, passed 
over that of Banda, so that this point was 
fixed at the first moment, without any 
vertical movement being made in the tele- 
scope of the instrument. 

The trigonometrical survey made to ob- 
tain the means for measuring the length 
of the tunnel had for its base the side, 
Grand Vallon, Jafferau (see the plan), 
afforded by the data of the royal engineer- 
ing staff, and which, though not belong- 
ing to a triangle of the first order, is tied 
directly to one. 

The length of this side is 28,544.93 ft., 
and one of its extremities is at a little dis- 
tance from the principal observatory of 
the Grand Vallon, while the other, ele- 
vated 9,184 ft. above the level of the sea, 
is the vertex of that mountain which, on 
the left of the Dora, overlooks the two 
valleys of Oulx and Bardonnéche; it is 
also well to mention that the distance be- 
tween the opening and the observatory 
of Bardonnéche was measured direct, and 
it was found to be 465.97 ft. 

The whole of the trigonometrical sys- 
tem may be divided into two distinct sys- 
tems of triangles; the first includes the 
base and those triangles which extend to 
the south of the principal chain, and the 
second includes the triangles on the oppo- 
site side, leaving the two systems bound 
together by having one side in common, 
the extreme points of which are on the top 
of the same chain. 

The whole system consisted of 28 tri- 
angles, the complete number of measured 
angles 86, all of which were repeated not 
less than 10 times, the greater part 20, 
and the most important even 60 times. 
As regards the instrument with which 
the angles were measured, a Gambey’s 
theodolite was employed, the vernier of 
which gave at the first reading 5 sec. ap- 
proximation. As regards the exactness of 
the operations mentioned above, we may 
observe that the frequent cases of verifica- 
tion which occurred while tracing out of 
the triangles was in progress, and which 
from different points gave the same result, 
had necessarily diminished the chance of 
mistakes to such an extent that no ap- 
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prehensions could be entertained as to 
the precision of the final result. And, 
even if an error had been committed, 
which might have caused an alteration 
of 14 or 18 ft. in the whole length of the 
tunnel, the modifications that would have 
been involved by this difference of length 
in laying out its gradients, would have 
been almost imperceptible, and no danger 
would have arisen through it, so far as 
regards the meeting of the two sections 
of the tunnel excavated from each end. 

The operations of levelling were exe- 
cuted by means of very exact instruments. 
The level path passed Mont Frejus, which 
is the mountain nearest to the tracing, 
and it was laid out with numerous fixed 
points (one at every 164 ft. in elevation), 
arranged to assist in checking the work, 
to limit errors, and to facilitate their dis- 
covery. As we have before said, this 
levelling was done, and afterwards re- 
peated by Mr. Mondino in the autumn of 
1857, and also in 1858, which repetition 
only gave a difference in the whole length 
of less than 3.93 in. Afterwards Mr. 
Lermine again checked the operation, 
and through him the error was reduced 
to only 1.574 in. 

The fixed points afforded the advan- 
tage of ascertaining whether perfect ac- 
curacy existed at each step, and in case of 
a difference it was only necessary to re- 
peat the levelling between the two points 
where the difference occurred. In this 
manner the longitudinal section along 
the axis was obtained ; this, however, was 
only a matter of scientific interest. 

The Mont Cenis Tunnel unites two 
points on the opposite sides of Mont 
Frejus, the position of which is such as 
to necessitate the two ends of the great 
werk being constructed onacurve. This 
circumstance, however, was not taken into 
account at first, and temporary entrances 
were opened on both sides of the moun- 
tain in order to have the whole axis of 
the gallery in a straight line, and thus to 
diminish the chances of any error; in 
order, also, to obtain ventilation, and, 
above all, the transmission of motive 
power to facilitate the working of the me- 
chanical boring appliances. The prelim- 
inary measurements gave a distance of 
13,861.5 yards between the two temporary 
headings. 

It was necessary tv construct the tun- 
nel with two gradients, both rising from 





the entrances, and meeting with a summit 
level at an intermediate point of its length. 
This was decided upon, as well to provide 
an easy means of getting rid of the water, 
as to increase the chances of making a 
fair meeting with the two headings. From 
the Bardonnéche entrance, 4,408.5 ft. above 
the sea, the calculation gave a gradient of 
1 in 2000 for a distance of 20997.33 ft. 
From the Fourneaux entrance, 3945 fi. 
above the sea, the rising gradient was 1 
in 43.4782 for 20,587 ft. 

The two gradients terminated therefore 
in the summit. level at an estimated height 
of 4,418.50 ft. 

Thus far the figures based upon the 
data have been found by calculation. 

The actual figures, however, differ some- 
what from these, the variations having 
proceeded from small discrepancies that 
were discovered, whilst the final line of the 
tunnel was being traced, as well as from 
errors made in the precise levels of the 
starting points. 

The absolute figures are as follows :-— 

Total length of the tunnel...... 13364.86 yds. 

Elevation above the sea level of 

4381.25 ft. 


the Bardonnéche entrance.... 
Rise of 1 in 2€00 for 200408.1 ft. 10.024 


Summit level from Bardonnéche 4391.274 
sea level at 


Elevation above 
the Fourneaux entrance ...... 
Rise of 1 in 45.045 for 20045.1 ft. 


3946.50 
445.00 


Summit level from Fourneaux end 4391.5u 


—showing a slight difference from the 
calculations of the summit level as reckon- 
ed at Bardonnéche, and giving a mean 
level for the highest point of 4,391.386 ft. 

To complete these data, we will add 
that the vertical plane of the tunnel forms 
an angle of 19 deg. with the terrestrial 
meridian, and that the greatest height of 
the mass of the mountain over the tunnel 
is 5,307 ft. 

It will be easily understood, from what 
we have already stated, that the surveying 
operations, though not such as to present 
extraordinary difficulties, were, neverthe- 
less, rendered by no means easy, on 
account of the local and atmospheric con- 
ditions, to say nothing of the necessity of 
daily ascents and descents of from 2,500 to 
3,000 ft.; the rapid and successive changes 
in the temperature, of fog, snow, wind, 
and sun, which often rendered any work 
quite imposs'ble; for it rarely happened, 
on account of the inclemency of the cli- 
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mate, that more than two consecutive 
angles could be measured, and many times 
not even one could be observed. This 
explains the long time taken up by the 
field work. 

Before concluding our remarks on the 
geodetical works, we think it would be 
well to say a few words about the railroads 
which are to join the openings of the tun- 
nel with the Turin, Susa, Chambery, and 
Saint-Michel lines. Messrs. Borelli and 
Massa had the direction of the works 
upon the Italian side of the Alpine rail- 
way. 

The ruling gradient on this railway is 1 
in 33.33 on the open lengths, and 1 in 40 
in tunnels which are of considerable 
length; the minimum radius of curves is 
221 chains; this last limit was, however, 
never required for the radii of the curves 
along this road. The railroad which 
unites the Turin-Susa line to the entrance 
of the great tunnel is 24.85 miles in 
length. ; 

The difference of the level| between the 


spot where the Alpine railway branches) 


off from the Susa line at ssoleno and 


the station of Bardonnéche pee ft., so 


that the mean gradient of all the line 
would hardly have been more than 1 
in 52, and thus it may at first sight seem 
that the inclines might have been limited 
to 1 in 40, but local circumstances pre- 
vented the gradients from being reduced 
to this inclination. 

On this short railroad there will be not 
less than eighteen tunnels, three of which 
are more than a kilometre in length. The 
torrent Dora, and the frequent ravines and 
precipices, are crossed by bold bridges 
and viaducts, some of the arches of which 
are 90 ft. span. 

As to the railroad which is to unite the 
northern opening of the tunnel with Saint- 
Michel, according to the first plans, it 
should have begun at Saint-Michel and 
skirted the left bank of the Arc as far as 
Freney, a little village that isencountered 
before reaching Fourneaux; at this spot 
it was intended by means of a bridge to 
eross the Are, and to follow its course on 
the right bank to Modane, where it was 
to be crossed again by another bridge, 
and, continuing on the left bank, it was to 
unite the tunnel, windings in the road 
being necessary in order to gain the dif- 
ference of 348 ft. in the level between the 
plain of Fourneaux and the north open- 


| 





ing of the tunnel. Upon after considera- 
tion, however, the railroad was taken 
along the left bank of the Arc, and reach- 
ed the tunnel by means of a viaduct 262 
ft. 6 in. in length. 

Having described, in considerable de- 
tail, the means adopted for laying out the 
direction of the Mont Cenis Tunnel, and 
the system of triangulation employed, 
we shall now proceed to consider the 
method used for maintaining the direct 
line of the axis of the tunnel while the work 
of excavation was being carried on. The 
observatories, B and T (see engraving), 
placed at the entrances of the tunnel, were 
used for the necessary observations, and 
both of the observatories contain an ih- 
strument constructed for the purpose. 
This instrument was placed on a pedestal 
of masonry, the top of which was covered 
with a horizontal slab of marble, having 
engraved upon its surface two intersecting 
lines marking a point, which was exactly in 
the vertical plane containing the axis of 
the tunnel. The instrument was formed of 
two supports, fixed on a tripod, having a 
delicate screw adjustment. The telescope 
was similar to that of a theodolite, pro- 
vided with cross webs, and strongly illu- 
minated by the light from a lantern con- 
centrated by a lens, and projected upon 
the cross webs. In using this instrument, 
in checking the axis of the gallery at the 
northern entrance, for example, after 
having proved precisely, that the vertical 
plane, corresponding with the point of 
intersection of the lines upon the slab also 
passed through the centre of the instru- 
ment, a visual line was then conveyed to 
the station at Lachalle (F), and on the 
instrument being lowered, the required 
number of points could be fixed in the 
axis of the tunnel. 

In executing such an operation it was 
necessary that the tunnel should be free 
from smoke or vapor. The point of colli- 
mation was a plummet suspended from 
the roof of the tunnel by means of an iron 
rectangular frame, in one side of which a 
number of notches were cut, and the 
plummet was shifted from notch to 
notch, in accordance with the signals of 
the operator at the observatory. These 
signals were given to the man whose bus- 
iness it was to adjust the plummet by 
means of a telegraph or a horn. The 
former was found invaluable throughout 
all these operations. 
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At the Bardonnéche entrance the in-| until it was brought into an exact line 
strument employed in setting out the axis | with the instrument and the first light, 
of the tunnel was similar to the one al- | and then the centre of the light was pro- 
ready described, with the exception that | jected with a plummet on to the ground, 
it was mounted on a little carriage, rest-| and in this way the exact centre was 
ing on vertical columns that were erected | found. 

at distances of 500 metres apartin the| By a repetition of similar operations 
axis of the tunnel. By the help of the | the vertical plane containing the axis of 
carriage the theodolite was placed first on | the tunnel was laid out by a series of 
the centre line approximately; it was | plummet lines. During the intervals of 
then brought exactly into line by a fine | time that elapsed between consecutive 
adjusting screw, which moved the eye- | operations with the instrument, the plum- 
piece without shifting the carriage. In| mets were found to be sufficient for main- 
order to understund more clearly the | taining the direction in making the exca- 
method of operating the instrument, the | vation. 

mode of proceeding may be described.| To maintain the proper gadients in the 
In setting out a prolongation of the cen-| tunnel it was necessary at intervals to 
tre line of the tunnel the instrument was | establish fixed levels, deducing them by 
placed on the last column but one; a | direct levelling from standard bench 
light was stationed upon the last column, | marks placed at short distances from the 
and exactly in its centre, and 500 metres | entrances. The fixed level marks in the 
ahead, a trestle frame was placed across | inside of the tunnel are made upon stone 
the tunnel. Upon the horizontal bar of} pillars placed at intervals of 25 metres, 
this trestle several notches are cut, and to these were referred the various 
against which a light was placed and fixed | points in setting out the gradients. In 
with proper adjusting screws. The ob-| our next article we shall treat of the geo- 
server standing at the instrument caused | logical features of the district through 
the light to move on the trestle frame | which the tunnel passes. 





THE USEFULNESS OF EARTHQUAKES. 
By R. A, PROCTOR, B. A. 


From “ Light Science for Leisure Hours.’’ 


We have often had fearfulevidence of the | At first sight it may seem paradoxical 
energy of the earth’s internal forces. A | to assert that earthquakes, fearfully de- 
vibration which, when considered with ref- | structive as they have so often proved, are 
erence to the dimensions of the earth’s | yet essentially preservative and restora- 
globe, may be spoken of as an indefinitely | tive phenomena ; yet this is strictly the 
minute quivering limited to an insignificant | case. Had no earthquakes taken place 
area, has sufficed to destroy the cities and | in old times, man would not now be 
villages of whole provinces, to cause the | living on the face of the earth; if no 
death of thousands of human beings, and | earthquakes were to take place in future, 
to effect the destruction of property| the term of man’s existence would be 
which must be estimated by millions of | limited within a range of time far less 
pounds sterling. Such a catastrophe as | than that to which it seems likely, in all 
this serves, indeed, to show how poor and | probability, to be extended. 
weak a creature man is in the presence of | If the solid substance of the earth 
the grand workings of Nature. The | formed a perfect sphere in ante-geologic 
mere throes which accompany her unseen | times—that is, in ages preceding those to 
subterranean efforts suffice to crumble | which our present geologic studies extend 
man’s strongest buildings in a moment |—there can be no doubt that there was 
into the dust, while the unforturate in- | then no visible land above the surface of 
habitants are either crushed to death | the water ; the ocean must have formed a 
among the ruins, or forced to remain | uniformly deep covering to the submerged 
shuddering spectators of the destruction | surface of the solid globe. In this state 
of their homes. of things, nothing but the earth’s subter- 
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ranean forces could tend to the produc- 
tion of continents and islands. Let us be 
understood. We are not referring to the 
possibility or impossibility that lands and 
seas should suddenly have assumed their 
present figure without convulsion of any 
sort ; this might have happened, since the 
Creator of all things can doubtless modi- 
fy all things according to His will ; we 
merely say that, assuming that in the be- 
ginning as now He permitted all things to 
work according to the laws He has appoint- 
ed, then, undoubtedly, the submerged earth 
must have risen above the sea by the ac- 
tion of those very forms of force which 
produce the earthquake in our own times. 

However this may be, it is quite certain 
that when once continents and islands 
had been formed, there imneliately be- 


gan a struggle between destructive and | 
|most incredible. In the winter of 1802, a 


restorative (rather, perhaps, than pre- 
servative) forces. 

The great enemy of the land is water, 
and water works the destruction of the 
land in two principal ways. 

In the first place the sea tends to de- 
stroy the land by beating on its shores, 
and thus continually washing it away. 
It may seem at first sight that this pro- 
cess must necessarily be a slow one ; in 
fact, many may be disposed to say that 
it is certainly a slow process, since we see 
that it does not alter the forms of con- 
tinents and islands perceptibly in long 
intervals of time. But, as a matter of 
fact, we have never had an opportunity of 
estimating the full effects of this cause, 
since its action is continually being check- 
ed by the restorative forces we shall pres- 
ently have to consider. Were it not thus 
checked, there can be little doubt that its 
effects would be cumulative; for the longer 
the process continue1—that is, the more 
the land was beaten away—the higher 
would the sea rise, and the greater power 
would it have to effect the destruction of 
the remaining land. 

We proceed to give a few instances of 
the sea’s power of effecting the rapid de- 
struction of the land when nothing hap- 
pens to interfere with the local action— 
premising that this effect is altogether in- 
significant in comparison with that which 
would take place, even in that particular 
spot, if the sea’s action were everywhere 
left unchecked. . 

The Shetland Isles are composed of 
substances which seem, of all others, best 





fitted to resist the disintegrating forces of 


the sea—namely, granite, gneiss, mica- 
slate, serpentine, greenstone, and many 
other forms of rock; yet, exposed as 
these islands are to the uncontrolled vio- 
lence of the Atlantic Ocean, they are un- 
dergoing a process of destruction which, 
even within historical times, has produced 
very noteworthy changes. “Steep cliffs 
are hollowed out,” says Sir Charles Lyell, 
“into deep caves and lofty arches ; and 
almost every promontory ends in a clus- 
ter of rocks, imitating the formsof columns, 
pinnacles, and obelisks.” Speaking of 
one of the islands of this group, Dr. Hib- 
bert says :—“The isle of Stenness pre- 
sents a scene of unequalled desolation. 
In stormy winters, large blocks of stone 
are overturned, or are removed from their 
native beds, and hurried to a distance al- 


tabular mass, 8 ft. 2 in. by 7 ft., and 5 ft. 
1 in. thick, was dislodged from its bed and 
carried to a distance of from 80 to 90 ft. 
In other parts of the Shetland Isles, where 
the sea has encountered less solid mate- 
rials, the work of destruction has proceeded 
yet more effectively. The Roeness, for ex- 
ample, the sea wrought its way so fiercely, 
that alarge cavernous aperture 250 ft. 
long has been hollowed out. “But the most 
sublime scene,” says Dr. Hibbert, “is 
where a mural pile of porphyry, escaping 
the process of disintegration that is de- 
vastating the coast, appears to have been 
left as a sortof rampart against the in- 
roads of the ocean. The Atlantic, when 
provoked by wintry gales, batters against 
it with all the force of real artillery ; 
and the waves, in their repeated assaults, 
have at length forced for themselves an 
entrance. This breach, named the Grind 
of the Navir, is widened every winter by 
the overwhelming surge that, finding a 
passage through it, separates large stones 
from its sides, and forces them to a dis- 
tance of no less than 180 ft. In two or 
three spots, the fragments which have 
been detached are brought together in 
immense heaps, that appear as an accum- 
ulation of cubical masses, the product of 
some quarry.” 

Let us next turn to a portion of the 
coast-line of Great Britain which is nei- 
ther defended, on the one hand, by bar- 
riers of rock, nor attacked, on the other, 
by the full fury of the Atlantic currents. 
Along the whole coast of Yorkshire, we 
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find evidence of a continual process of 
dilapidation. Between the projecting 
headland of Flamborough and Spurn 
Point (the coast of Holderness), the 
waste is particularly rapid. Many spots, 
which are now mere sand-banks, are 
marked in the old maps of Yorkshire as 
the sites of ancient towns and villages. 
Speaking of Hyde (one of these), Pen- 
nant says: “Only the tradition is left of 
this town.” Owthorne and its church 
have been for the most part destroyed, 
as also Auburn, Hartburn, and Kilnsea. 
Mr. Phillips, in his “Geology of York- 
shire,” states that not unreasonable fears 
are entertained that, at some future time, 
Spurn Point itself will become an island, 
or be wholly washed away, and then the 
ocean, entering into the estuary of the 
Humber, will cause great devastation. 
Pennant states that “several places, once 
towns of note upon the Humber, are now 
only recorded in history ; and Ravens- 
perg was at one time a rival of Hull, and 
a port so very considerable in 1332, that 
Edward Baliol and the confederate Eng- 
lish barons sailed from hence to invade 
Scotland; and Henry IV., in 1399, made 


choice of this port to land at, to effect the | 
deposal of Richard II. ; yet the whole of | 
this has since been devoured by the mer- | 


only a small garden was left between the 
building and the sea. We need hardly 
add that all vestiges of the inn have long 
since been swept away. Lyell also re- 
lates that, in 1829, there was a depth of 
water sufficient to float a frigate at a point 
where, Jess than half a century before, 
there stood a cliff 50 ft. high with houses 
upon it. 

We have selected these portions of the 
coast of Great Britain, not because the 
destruction of our shores is greater here 
than elsewhere, but as serving to illus- 
trate processes of waste and demolition 
which are going on around all the shores, 
not merely of Great Britain, but of every 
country on the face of the earth. Here 
and there, as we have said, there are in- 
stances in which a contrary process 
seems to be in action. Low-lying banks 
and shoals are formed—sometimes along 
stretches of coast extending for a con- 
siderable distance. But when we con- 
sider these formations closely, we find 
that they rather afford evidence of the 
energy of the destructive forces to which 
the land is subject than promise to make 
up for the land which has been swept 
away. In the first place, every part of 
these banks consists of the debris of other 
coasts. Now we cannot doubt that of 








ciless ocean ; extensive sands, dry at low | earth which is washed away from our 
water, are to be seen in their’ stead.” shores, by far the larger part finds its 
The same writer also describes Spurn | way to the bottom of the deep seas; a 
Point as shaped like a sickle, and the | small proportion only can be brought (by 
land to the north, he says, was “ perpet-' some peculiarity in the distribution of 
ually preyed on by the fury of the Ger-| ocean-currents, or in the progress of the 
man Sea, which devours whole acres at a/ tidal wave) to aid in the formation of 
time.” shoals and banks. The larger, therefore, 

The decay of the shores of Norfolk and | such shoals and banks may ‘be, the larger 
Suffolk is ‘also remarkably rapid. Sir| must be the amount of land which has 
Charles Lyell relates some facts which; been washed away never to reappear. 
throw an interesting light on the ravages | And although banks and shoals of this 
which the sea commits upon the land | sort grow year by year larger and larger, 
here. It was computed that when a cer- | yet (unless added to artificially) they 
tain inn was built at Sherringham, 70| continue always either beneath the sur- 
years would pass before the sea could | face of the water, in the case of shoals, or 
reach the spot: ‘the mean loss of land | but very slightly raised above the surface. 


being calculated from previous observa- | Now, if we suppose the destruction of 
land to proceed unchecked, it is manifest 
| that at some period, however remote, the 
formation of shoals and banks must come 
b- an end, owing to the continual dimi- 
nution of the land from the demolition of 
In 


tions to be somewhat less than 1 yard | 
annually.” But no allowance had been | 
made for the fact that the ground sloped | 
Jrom the sea. In consequence of this pe- 
culiarity, the waste became greater and 
greater every year as the cliff grew lower. 
“Between the years 1824 and 1829, no| 
less than 17 yards were swept away;’ and | 
when Sir Charles Lyell saw the place, ' 


| which they derive their substance. 

the mean time, the bed of the sea would 
be continually filling up, the level of the 
sea would be rising, and thus the banks 
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would either be wholly submerged 


demolition were checked in some way, 


through the effect of this cause alone, or | each cause would act from year to year with 


they would have so slight an elevation 
abcve the sea-level that they would offer 
little resistance to the destructive effects 
of the sea, which will now have no other 
land to act upon. 

But we have yet to consider the second 
principal cause of the wasting away of the 
land. The cause we have just been 
dealing with acts upon the shores or out- 
lines of islands and continents ; the one 
we have now to consider acts upon their 
interior. It will, perhaps, hardly be sup- 
posed that the fall of rain upon the land 
could have any appreciable influence in 
the demolition of continents ; but, as a 
matter of fact, there are few causes to 
which geologists are disposed to ascribe 
more importance. The very fact that 
enormous deltas have been formed at the 
mouths of many rivers—in other words, 
the actual growth of continents through 
the effects of rainfall—is a proof how 
largely this cause must tend to destroy 
and disintegrate the interiors of our conti- 


nents. Dwelling on this point, Sir 


Charles Lyell presents the following re- 
markable illustration : “ During a tour in 
Spain,” he writes, “I was surprised to see 
a district of gently undulating ground in 
Catalonia, consisting of red and gray 
sandstone, and in some parts of red marl, 
almost entirely denuded of herbage ; 
while the roots of the pines, holm oaks, 
and some other trees, were half exposed, 
as if the soil had been washed away by 
a flood. Such is the state of the forests, 
for example, between Oristo and Vich, 
and near San Lorenzo. But, being over- 
taken by a violent thunder-storm in the 
month of August, I saw the whole surface, 
even the highest levels of some filat- 
topped hills, streaming with mud, while 
on every declivity the devastation of tor- 
rents was terrific. The peculiarities in 
the physiognomy of the district were at 
once explained ; and I was taught that, 
in speculating on the greater effects 
which the direct action of rain may once 
have produced on the surface of certain 
parts of England, we need not revert to 
periods when the heat of the climate was 
tropical.” 

Combining the effects of the sea’s ac- 
ticn upon the shores of continents, and of 
the action of rain upon their interior, and 
remembering that unless the process of 





new force—one through the effects of the 
gradual rise of the sea-bed, and the other 
through the effects of the gradual increase 
of the surface of ocean exposed to the va- 
porizing action of the sun, which increase 
would necessarily increase the quantity of 
rain yearly precipitated on the land—we 
see the justice of the opinion expressed by 
Sir John Herschel, that, “had the pri- 
meval world been constructed as it now 
exists, time enough has elapsed, and force 
enough directed to that end has been in 
activity, fo have long ago destroyed every 
vestige of land.” 

We see, then, the necessity that exists 
for the action of some restorative or pre- 
servative force sufficient to counteract 
the effects of the continuous processes of 
destruction we have indicated above. If 
we consider, we shall see that the de- 
structive forces owe their efficiency to 
their levelling action, that is, to their in- 
fluence in reducing the solid part of the 
earth to the figure of a solid sphere; there- 
fore the form of force which is required 
to counteract them is one that shall tend to 
produce irregularities in the surface-con- 
tour of the earth. And it will be remark- 
ed, that ‘although upheaval is the process 
which appears at first sight to be the only 
effectual remedy to the levelling action of 
rains and ocean-currents, yet the forcible 
depression of the earth’s surface may prove 
in many instances yet more effective, 
since it may serve to reduce the sea-level 
in other places. 

Now, the earth’s subterranean forces 
serve to produce the very effects which are 
required in order to counteract the con- 
tinual disintegration of the shores and 
interior parts of continents. In the first 
place, their action is not distributed with 
any approach to uniformity over different 

arts of the earth’s crust, and therefore 
the figure they tend to give to the surface 
of that crust is not that of a perfect 
sphere. This, of itself, secures the uprising 
of some parts of the solid earth above the 
sea-level. But this is not all. Onacom- 
parison of the various effects due to the 
action of subterranean forces, it has been 
found that the forces of upheaval act (on 
the whole) more powerfully under conti- 
nents, and especially under the shore- 
lines of continents, while the forces of de- 
pression act most powerfully (on the 
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whole) under the bed of the ocean. It 
need hardly be said that whenever the | 
earth is upheaved in one part, it must be | 
depressed somewhere else. Not neces- | 
sarily at the same instant, it should be | 
remarked. The process of upheaval may | 
be either momentarily accompanied by a | 
corresponding process of depression, or | 
the latter process may take place by a) 
gradual action of the elastic powers of the 
earth’s crust; but, in one way or the | 
other, the balance between upheaval and 
depression must be restored. Hence, if 
it can be suown that for the most part the | 
forces of upheaval act underneath the land, 
it follows—though we may not be able to) 
recognize the fact by obvious visible signs | 
—that processes of depression are taking | 
place underneath the ocean. Now, active 
volcanoes mark the centre of a district of 
upheaval, and nearly all volcanoes are 
found near the sea. It seems as if Nature 
had provided against the inroads of the 
ocean by seating the earth’s upheav- 
ing forces just where they. are most 
wanted. 

Even in earthquake districts which have 
no active vent, the same law is found to 
prevail. It is supposed by the most emi- 





nent seismologists that earthquake regions 
around a volcano, and earthquake re- 
gions apparently disconnected from any 
outlet, differ only in this respect, that in 
the one case the subterranean forces 
have had sufficient power to produce the 
phenomena of eruption, while in the 


other they have not. “In earthquakes,” 
says Humboldt, ‘“‘we have evidence of a 
voleano-producing force ; but such a force, 
as universally diffused as .the internal 
heat of the globe, and proclaiming itself 
everywhere, rarely acts with sufficient 
energy to produce actual eruptive phe- 
nomena ; and when it does so, it is only 
in isolated and particular places.” 

Of the influence of the earth’s subter- 
ranean forces in altering the level of land, 
we might quote many remarkable in- 
stances, but considerations of space com- 
pel us to confine ourselves to two or 
three. The slow processes of upheaval 
or depression may, perhaps, seem less 
immediately referrible to subterranean 
action than those which are produced 
during the progress of an earthquake. 
We pass over, therefore, such phenomena 
as the gradual uprising of Sweden, the 
slow sinking of Greenland, and (still pro- 





ceeding westward) the gradual uprising 
of Nova Scotia and the shores of Hud- 
son’s Bay. Remarkable and suggestive 
as these phenomena really are, and indis- 
putable as the evidence is on which they 
rest, they will probably seem much less 
striking to our readers than those which 
we are now about to quote. 

On the 19th of November, 1822, a wide- 
ly-felt and destructive earthquake was 
experienced in Chili. On the next day, 
it was noticed for the first time thata 
broad line of sea-coast had been deserted 
by the sea for more than 100 miles. A 
large part of this tract was covered by 
shell-fish, which soon died, and exhaled 
the most offensive effluvia. Between the 
old low-water mark and the new one, the 
fisherman found burrowing shells, which 
they had formerly had to search for 
amidst the surf. Rocks some way out to 
sea which had formerly been covered, - 
were now dry at half ebb-tide. 

Careful measurement showed that the 
rise of the land was greater at some dis- 
tance inshore than along the beach. The 
watercourse of a mill about a mile inland 
from the sea had gained a fall of 14 in. in 
little more than 100 yards. At Valparaiso 
the rise was 3 ft.; at Quintero, 4 ft. 

In February, 1835, and in November, 
1837, a large tract of Chili was similarly 
shaken, a permanent rise of 2 ft. follow- 
ing the former earthquake, and a rise 8 
ft. the latter. 

The earthquake which took place at 
Cutch in 1819 is perhaps in some respects 
yet more remarkable. In this instance, 
phenomena of subsidence, as well as phe- 
nomena of upheaval, were witnessed. 
The estuary of the Indus, which had long 
been closed to navigation—being, in fact, 
only a foot deep at ebb-tide, and never 
more than 6 ft. at flood—was deepened 
in parts to more than 18 ft. at low water. 
The fort and village of Sindree were sub- 
merged, only the tops of houses and walls 
being visible above the water. But al- 
though this earthquake seemed thus to 
have a land-destroying, instead of a land- 
creating effect, yet the instances of up- 
heaval were, even in this case, far more 
remarkable than those of depression. 
“Immediately after the shock,” says Sir 
Charles Lyell, “the inhabitants of Sindree 
saw ata distance of five miles and » half 
from their village a long elevated mound, 
where previously there had been a low and 
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perfectly level plain. To this uplifted tract 


allel to the line of subsidence which 


they gave the name of Ullah-Bund, or the; caused the ground around Sindree to be 
“Mound of God,” to distinguish it from | flooded. The breadth of the elevation is 
several artificial dams previously thrown conjectured to be in some parts 16 miles, 


across the eastern arm of the Indus. It 
has been ascertained,” he adds, “that this 
new-raised country is upwards of 50 miles 
in length from east to west, running par- 


and its greatest ascertained height above 
the original level of the delta is 10 ft.—an 
elevation which appears to the eye to be 
very uniform throughout.” 





COMPUTATION OF EFFECT OF GRADIENTS.* 


By HERMAN HAUPT, C. E. 


When the maximum load of the same 
engine on any two different inclinations 
has been determined by experiment, 
the data thus furnished will suffice to 
calculate the load on any other inclina- 


tion, the load on a level, the angle of fric- | 


tion at which a train will descend by 
gravity, the tractive power per ton of 
load required on a level, and the number 
of pounds adhesion for cach ton of load. 

Let R = resistance of the train on a level, 

which is equal to the power of the en- 
gine. 

W = gross weight of train on a level. 

W' = weight of train on grade a, 

W? = weight of train on grade b. 

It is proper to assume that the power 
required to move a train and the resist- 
ance, which is equal to it, will be in pro- 
portion to the gross weight. 

The force of gravity on.any inclination 
is in proportion to the height of the plane 
divided by its length, or as the rise per 
mile divided by 5280. 

The resistance of the train W' being in 
proportion to its weight, will be expressed 

1 


WwW 
by w ® 
w? 
And the resistance of W’ by - w B 
The gravity of the train W' on the 
d ts: Ww! a 
grade a= — 


and of the train W’ on the grade 
_ W? b, 
~~ 6280 
If the engine is supposed to be loaded 
to the limit of its capacity on each gra- 
dient, then the power exerted must be 
the same as on a level and 
wi 
we 
_* From a paper read before the American Philusophical So- 
ciety, 
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R+ 50 =* 








2 2 
wr R+ ball = R and consequently 
wr W'a w? W? b, 
w Bt a0 = "wT 6280 
From which the value of R in terms of 
W W' and W’ is found. 
W? b-W'a 
R= W 5os0 (W'—W?) 
Take now the former equation 
W'a 
5280 
from which a second value of R is ob- 
WW'a , 
tained = 5569 (w_w') 
Placing these two values of R equal to 
each other, there results 


W'a W? b-W'a 
Ww-Wi> w'- we 

By substituting in the equation the 
values of W' W’a and 3}, as determined 
by observation, the values of W, or the 
gross load on a level can be ascertained. 

By substituting the values of W, W', 
W’, a and b, the value of R on the power 
exerted by the engine is obtained. 

By dividing this power in pounds by 
the gross load on a level, the tractile 
power per ton is determined. 

As the power of an engine is always 
sufficient to slip the wheels on a dry rail, 
the adhesion is equal to the actual power 
exerted in moving the train, and, divided 
by the weight on drives, gives the propor- 
tion between adhesion and weight. 

The angle of friction can be found 
when the tractive power per ton of 2000 
Ibs. on a level (T) has been determined 
by the equation. 

Angle of friction expressed in feet per 
T x 5280, 


R+ 


Ww) 
R= Ww R+ 


mile = 


It has been customary for engineers to 
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consider the angle of friction as 16 to 
18 feet per mile, the tractive power per 
ton on a level 8 pounds, and the adhesion 
one-eighth the weight upon the drives; 
but to obtain reliable data from the actual 
operation of roads running full trains, a 
letter was addressed to A. J. Cassatt, 
General Superintendent of the Penna. 
Railroad, who furnished the following 
data : 
A standard 10 wheel freight engine 

with 3 pairs of 4} feet drivers with 

average water and coal, weighs.... 75,500 Jbs. 
Weight on drivers 53,000 Ibs. 
Weight of tender with coal and water 50,000 Ibs. 
Such an engine will haul on a mode- 

rately straight and level road 50 

loaded cars of 40,000 lbs, each 

Gross load 


1,062 tons. 
922 « 
762 «* 


402 “ec 


“oe 


cars 
On a grade of 26 feet to the mile, 35 


On a grade of 52,8; feet to the mile, 


And the engine would work easier with 
50 cars on the level than in either of the 
other cases, and with most difficulty in 
the last. 

Herman J. Lombaert, Esq., Vice-Presi- 
dent and former General Superintendent 
of Pennsylvania Railroad, gives as a full 
average load for actual work in the usual 


conditions of the rail. 
Tons. 


Load on 52,8; ft. grade, 16 cars. Gross load 
of engine 

Load on 10 ft. grade, 40 cars. Gross load of 
engine seeececees Pe eeeereeeseesesesseseees 


As it is proper to allow a margin for 
unfavorable condition of rails, the calcu- 
lations will be made on the data furnished 
by H. J. Lombaert. 

Substituting the values of a, b, W', W’, 
which are 10, 52,5;, 382 and 862, the value 
of W, or the gross load on a level, is found 
to be 1210 tons. 

The value of R, or the tractive power 
on a level, is 11,160 lbs., or 9,°; lbs. per 
ton. 

The angle of friction is 

9.2 x 5280 


= 24.28 feet per mile. 


11,160 
The adhesion is ——— or nearly one- 


53, 000 

fifth of weight on drives. 
From the data thus obtained a simple 
formula may be found to determine the 








load of the engine on any given inclina- 
tion, a. 
Let P =tractile power of engine on e level = 
11,160 Ibs. 
a = feet per mile of inclination. 
W! = weight of train on incline a, including 
engine and tender. 
Then W' X 9.2 = power required to 
move W' - level. 
1 
And W’ . ans 


2000 —« 
tons or W' —__ a in pounds. 
5280 


, 2000 
a3 w+ 5280 
11,160 lbs. 

; 11,160 
aaa dines 92x .38a 

If a be supposed equal to 48.56, or 
twice the angle of friction, the load would 
be 404 tons nearly, or one-third the load 
on a level. 

On a grade of 30 feet the load would be 
541 tons. The grade that would require 
double the power of a grade, of 30 feet 
would be 84} feet. 

If the gross load of a train on a grade 
of 30 feet be 541 tons, the engine and 
tender being 63 tons, the cars and con- 
tents will weigh 478 tons, or if 18,000 lbs. 
be allowed for each car and 22,000 Ibs. for 
load, the number of cars will be 27, and 
the net load 297 tons, weight of cars 243 
tons. 

If the return cars shall be only one- 
fourth loaded, which is probably a full 
proportion for the Shenandoah Valley ex- 


= gravity on incline a, in 


T1 iui +4 — 
W' a = power of engine = 


2|tension, the gross weight of the trains 


would be 380 tons. 

The inclination that would employ the 
full power of the engine in hauling 380 
tons, would be 53 feet. 

The inclination that would employ the 
full power of an assistant engine in haul- 
ing a gross load of 380 tons, would be 130 
feet, but allowance must be made for the 
weight of the assistant engine, 





students who 


oe of the Japanese 
\vi came to the United States last fall, 
having acquired the ordinary English 
branches, are now seeking the technical 


schools. They desire to become familiar 
with the methods of American engineer- 
ing. 
METEOROLOGICAL Observatory is to be 
put up on Bruadway. 
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ON THE HORSE POWER OF STEAM ENGINES AND BOILERS, 
AND SOME FACTS CONNECTED WITH THE EXPANSION 


OF STEAM.* 


By EDWARD BROWN. 


An actual horse-power, as is well known, ; Several cases of this character having 
is 33,000 Jbs. raised 1 ft. high per min- | recently come under my observation, I 
ute. The application of this test to en-| will give you the course pursued in one 
gines and boilers is the subject of this | of them to ascertain the horse power of 
paper. | the boiler. 

It has been, and still is, a common! ‘The boilers replaced some old worn out 
custom with steam engine builders, to | boilers which were removed. ‘They sup- 
specify in the contract of sale that the | plied steam to a cylinder 16 in. by 4 ft., 
engine and bo:ler are of a certain size and | speeded for about 50 revolutions. The 


horse power. That the machines come 
up to the contract in size is easily deter- 
mined by measurement, but the actual 
horse power developed by a _ steam 
boiler is a subject upon which the seller 
and buyer may differ materially. 

It is useless for one to attempt to make 


boilers were fired to the best ability of 
the fireman, an.l steam being maintained 
at 40 revolutions, the cards a were taken, 
showing no expansion and 55}-horse 
power. lt was justly objected by the 
| Boiler Company that this was an extrav- 
_agant use of the steam, and not a fair test 


a standard rule for the horse power ofan | of the horse power ofthe boiler. A Trem- 
engine from the size of the cylinder. An_ per cut-off was then fixed on the back of 
engine 10 24 in. will work from 20 to | the steam chest, and a trial made a few 
10U-horse power, according to the pres-| dys afterwards. The steam chest was 


sure of steam and speed of the piston. 


The seller might designate whatever | 


power he pleased within these limits ; it 
would be very little guide to the pur- 
chaser. 

The case is, however, different when we 
come to estimate the horse power of an 
engine and boiler sold as a unit. There 
will be no question among engineers that 
here the horse power, according ,to com- 
mon custom and practice, is the power 
exerted upon the piston, measured by 
the area of ths indicator diagram. If the 
machine will perform that work steadily, 
from week to week, such is its actual 
horse power. - 

Let us now examine the means of as- 
certaining the horse power of a steam 
boiler, sold, we will say, for 100- 
horse power, but failing to come up to 
the expectation of the purchaser. This 
is a practical question, and one not un- 
frequently occurring. Especially is it 
liable to occur with boilers of the non-ex- 
plosive patterns, recently introduced. The 
makers are endeavoring to supply, and 
the purchasers to obtain, a perfectly safe 
boiler, of the same horse power and at 
the same price as those of the usual 
standard forms. 





* A paper read before the Franklin Institute, 


small, and the space between the cut-off 
and p valve not over }; the size of the 
cylinder. The card marked 8 was then 
taken, showing a cut-off at a little under 
i from the commencement of the stroke, 
and 68-horse power with 33 revolutions. 
It is a very fair expansion card, the ini- 
tial pressure being 73 lbs. Though not 
quite equal to a Corliss, it would be 
little behind it in economy. The gain in 
power resulting irom the change from full 
stroke to } cut-off is 12}-horse, or 23 per 
cent., due to the expansion of the steam. 
But as there was less back pressure in the 
latter than in the former trial, we have an 
actual gain of 30 per cent. in the working 
of the engine. The engine exhausted into 
a feed-water heater. 

Now notice the diagram c. This was 
taken with more boiler power, 3 being 
used instead of 2, as in the trial just de- 
scribed. The expansion curve here is 
formed entirely by the higher speed of the 
engine (53 revolutions) and the smallness 
of the port. The indicated u. Pp. was 89, 
and that developed by the Tremper cut- 
off, marked p, was 100 u. vp. Here we 
have a gain of 12 per cent. only, due to 
the cut-off and expansion thereby, and a 
gain of 20 per cent. in the working of the 
engine; 12 per cent. from 23 per cent. 
leaves 11 per cent. gain, due to the wire 
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drawing of the steam, as in card c, over 
that used in the first trial, as shown by 
card a. 

This result tends to prove that it mat- 
ters little in practice whether the expan- 
sion curve is formed by the wire drawing 


linder was well covered, though the steam 
pipe was not; had it been covered, and the 
cut-off valves close at each end of the cyl- 
inder, a little better result would have 
been obtained. The gain of 23 per cent. 
here obtained corresponds closely with 
the experiments of Mr. Isherwood, who 
gives 26 per cent. as the gain by suppress- 
ing during the last 2 of the stroke, and 
using saturated steam. His experiments 
also go to show that about 16 out of this 
26 per cent. is gained by suppressing dur- 
ing the last } of the stroke. 

When we consider the vast dispropor- 








through the port and the speed of the pis- 
ton, or in the usual cut-off manner ‘and 
low speed; and for this reason, that the 
action of the steam after it passes the 
port is almost instantaneous in comparison 
with the motion of the piston. The cy- 


the stroke, and the complete utilization o 
it before the termination. An experi- 
ment dispelled this supposition. During 
the dinner hour, when the engine was run- 
ning the shafting only, the work being 
therefore constant, diagrams were taken 
at a speed of 48 revolutions. Four were 
taken at full stroke, marked z, and three 
were taken at short jcut-off, as shown at 
F; the average pressure of cards £ was 
16.3 lbs., and of cards Fr 16.4 lbs, suffi- 
ciently near to be called identically the 
same. The experiment was carefully 


‘made, with the indicator just cleaned and 


tion between the power which should be | oiled, and the calculated power was 38- 


gained by cutting off at } stroke, theore- | horse power. 


In theory, a pressure of 50 


tically, and that resulting from practice,|lbs. through any part of the stroke 
we may well doubt, as some engineers | would be as effectual as the same pressure 


have done, if there is any gain in the ex- 
pansion of steam per se; and conclude 


through any other part of the stroke, tak- 
ing no account of momentum. If we take 


that the gain is due more to the applica- | this into consideration, the natural con- 
tion of the power at the commencement of | clusion would be that a preponder:*’ 


Vou: V.—No, 2.— 
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ON THE HORSE POWER OF STEAM ENGINES AND BOILERS, 
AND SOME FACTS CONNECTED WITH THE EXPANSION 


OF STEAM.* 


By EDWARD BROWN. 


An actual horse-power, as is well known, 
is 33,000 Ibs. raised 1 ft. high per min- 
ute. The application of this test to en- 
gines and boilers is the subject of this 
paper. 

It has been, and still is, a common 
custom with steam engine builders, to 
specify in the contract of sale that the 
engine and bo:ler are of a certain size and 
horse power. That the machines come 
up to the contract in size is easily deter- 
mined by measurement, but the actual 
horse power developed by a _ steam 
boiler is a subject upon which the seller 
and buyer may differ materially. 

It is useless for one to attempt to make 
a standard rule for the horse power of an 
engine from the size of the cylinder. An 
engine 10 24 in. will work from 20 to 
10v-horse power, according to the pres- 
sure of steam and speed of the piston. 


The seller might designate whatever | 


power he pleased within these limits ; it 
would be very little guide to the pur- 
chaser. 

The case is, however, different when we 
come to estimate the horse power of an 


engine and boiler sold as a unit. There 
will be no question among engineers that 
here the horse power, according ,to com- 
mon custom and practice, is the power 
exerted upon the piston, measured by 
the area of ths indicator diagram. If the 
machine will perform that work steadily, 
from week to week, such is its actual 
horse power. - 

Let us now examine the means of as- 
certaining the horse power of a steam 
boiler, sold, we will say, for 100- 
horse power, but failing to come up to 
the expectation of the purchaser. This 
is a practical question, and one not un- 
frequently occurring. Especially is it 
liable to occur with boilers of the non-ex- 
plosive patterns, recently introduced. The 
makers are endeavoring to supply, and 
the purchasers to obtain, a perfectly safe 
boiler, of the same horse power and at 
the same price as those of the usual 
standard forms. 





* A paper read before the Franklin Institute. 


| Several cases of this character having 
/recently come under my observation, [ 
| will give you the course pursued in one 
| of them to ascertain the horse power of 
| the boiler. 
| ‘The boilers replaced some old worn out 
| boilers which were removed. They sup- 
| plied steam to a cylinder 16 in. by 4 ft., 
‘speeded for about 50 revolutions. The 
boilers were fired to the best ability of 
the fireman, an.l steam being maintained 
‘at 40 revolutions, the cards a were taken, 
showing no expansion and 55}-horse 
power. It was justly objected by the 
| Boiler Company that this was an extrav- 
/agant use of the steam, and not a fair test 
| of the horse power ofthe boiler. A Trem- 
per cut-off was then fixed on the back of 
| the steam chest, and atrial made a few 
|d+ys afterwards. The steam chest was 
small, and the space between the cut-off 
and p valve not over 7; the size of the 
cylinder. The card marked 8 was then 
| taken, showing a cut-off at a little under 
1 from the commencement of the stroke, 
and 68-horse power with 33 revolutions. 
It is a very fair expansion card, the ini- 
tial pressure being 73 lbs. Though not 
quite equal to a Corliss, it would be 
little behind it in economy. The gain in 
power resulting irom the change from fall 
stroke to } cut-off is 12}-horse, or 23 per 
cent., due to the expansion of the steam. 
But as there was less back pressure in the 
latter than in the former trial, we have an 
actual gain of 30 per cent. in the working 
of the engine. The engine exhausted into 
a feed-water heater. 

Now notice the diagram c. This was 
taken with more boiler power, 3 being 
used instead of 2, as in the trial just de- 
scribed. The expansion curve here is 
formed entirely by the higher speed of the 
engine (53 revolutions) and the smallness 
of the port. The indicated u. Pp. was 89, 
and that developed by the Tremper cut- 
off, marked p, was 100 u. pr. Here we 
have a gain of 12 per cent. only, due to 
the cut-off and expansion thereby, and a 
gain of 20 per cent. in the working of the 
engine; 12 per cent. from 23 per cent. 
leaves 11 per cent. gain, due to the wire 
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drawing of the steam, as in card c, over 
that used in the first trial, as shown by 
card A. 

This result tends to prove that it mat- 
ters little in practice whether the expan- 
sion curve is formed by the wire drawing 


linder was well covered, though the steam 
pipe was not; had it been covered, and the 
cut-off valves close at each end of the cyl- 
inder, a little better result would have 
been obtained. The gain of 23 per cent. 
here obtained corresponds closely with 
the experiments of Mr. Isherwood, who 
gives 26 per cent. as the gain by suppress- 
ing during the last 2 of the stroke, and 
using saturated steam. His experiments 
also go to show that about 16 out of this 
26 per cent. is gained by suppressing dur- 
ing the last } of the stroke. 

When we consider the vast dispropor- 
tion between the power which should be 


gained by cutting off at } stroke, theore- | horse power. 





through the port and the speed of the pis- 
ton, or in the usual cut-off manner and 
low speed; and for this reason, that the 
action of the steam after it passes the 
port is almost instantaneous in comparison 
with the motion of the piston. The cy- 


the stroke, and the complete utilization o 
it before the termination. An experi- 
ment dispelled this supposition. During 
the dinner hour, when the engine was run- 
ning the shafting only, the work being 
therefore constant, diagrams were taken 
at a speed of 48 revolutions. Four were 
taken at full stroke, marked z, and three 
were taken at short jcut-off, as shown at 
F; the average pressure of cards £ was 
16.3 lbs., and of cards F 16.4 lbs, suffi- 
ciently near to be called identically the 
same. The experiment was carefully 


‘made, with the indicator just cleaned and 
| oiled, and the calculated power was 38- 


In theory, a pressure of 50 


tically, and that resulting from practice, | lbs. through any part of the stroke 


we may well doubt, as some engineers 
have done, if there is any gain in the ex- 
pansion of steam per se; and conclude 
that the gain is due more to the applica- 
tion of the power at the commencement of 
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| would be as effectual as the same pressure 


through any other part of the stroke, tak- 
ing no account of momentum. If we take 
this into consideration, the natural con- 


| clusion would be that a preponderating 
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power at the commencement of the 
stroke, or, in other words, the proper ap- 
plication of the power at the right 
time would be more effectual than an 
even power continued to the end of the 
stroke. Consequently, the cut-off cards 
should be smaller, but such was not the 
case; cléarly showing that the gain in 
power in the previous trials was due to 
expansion. Of course, the equality of the 
two cards, £ and Fr, only zefers to this par- 
ticular engine; it is quite possible that if 
F, only refers to this particular engine; it 
is quite possible that if the experiment 
was made at 150 revolutions instead of 48, 
the cut-off cards would be found the 
smallest. In a trial of this kind the 
indicator should be changed to each 
end of the cylinder. The fixing of it in 
the centre, though frequently adopted 
for convenience, is not sufficiently ac- 
curate. 

The bearing these facts have upon the 
question before us is this, that whilst the 
horse-power ofa boiler depends somewhat 
upon the engine it supplies, still it is only 
to a limited extent. That a three-port p 
valve engine, in good order, and cutting 
off at less than } from the termination of 
the stroke, is realizing within 12 per cent. 
of the power. And even granting that it 
may be 20 per cent. under what is obtained 
in the best cut-off engines, a boiler should 
be able to give out that amount extra ina 
trial of ten hours, with good coal and 
eareful frring. 

Again, purchasers of steam boilers look 


at the question in a practical way; they 


do not understand the fine point, as to 
how much power the evaporation of so 
much water should produce; they want 
the power put through their own engine, 
and as three-quarters of all the steam- 
engines in use are plain slide valve, it is 
but reasonable to expect that every boiler 
sold for a certain horse power, shall be 
able to put that power through a plain 
slide valve engine, of proper capacity, in 
good order, and suppressing steam more 
than } of the stroke. 

Let us now consider the test by the 
evaporation of water. A 100-horse boiler 
may be sold to supply a 50-horse engine, 
the other 50-horse being required for 
heating purposes; or the boiler may be 
needed entirely for heating purposes. 
_Here we must decide by the evaporation, 
and if the purchaser has not had the fore- 


sight-to specify the amount, what shall 
be the test? | 

We take the old nominal horse power, 
and the evaporation of 1 cubic ft. of 
water is the test. We come down to the 
theoretical horse power, and 920 in. or 
33 lbs. is the test. That is to say : theo- 
retically, if you have a cylinder 1 sq. ft. 
area and 1,728 ft. high, and evaporate 1 
cubic ft. of water within that cylinder in 
an hour and then condense the steam, it 
will give a force of 1.88-horse power. 

I find on reference to Mr. Isherwood’s 
experiments, that he obtained occasion- 
ally, l-horse power from the evaporation 
of 29 lbs. of water, 4 lbs. less than the 
theoretical amount ; this can only be ac- 
complished by expansion. With super- 
heated steam he obtained 1-horse power 
from 20 lbs. of water and an early cut-off. 
Modern practice has done better than 
this with the compound engine. 

On the other hand, the steam may be 
overcharged with watery particles, and 
so show a high evaporation with little 
power ; I have seen 4°; of a cubic foot re- 
quired to produce a horse power in a very 
fair engine, cutting off at the last quar- 
ter. So we see that the range is from 
less than half a cubic foot to ,% of a foot ; 
the average for good engines being about 
40 lbs. It is quite safe to assume that 
the evaporation of 1 ft. of water is abun- 
dance for a horse power, provided the 
consumption of coal be taken into ac- 
count; for a small boiler with good 
draught, burning much coal, will give out 
as much power as a larger boiler burning 
less coal. Therefore, the commercial 
value of a steam boiler, estimated by the 
horse power, depends upon its ability to 
evaporate a given amount of water into 
dry steam, on a basis of a certain amount 
of coal, say, about 8 lbs. The conclusion 
arrived at in reference to this subject 
would be, that neither the test by the en- 
gine nor by evaporation is a positive test. 
By the engine test, the efficiency of the 
engine is always liable to be called in 
question. The steam pipe may be long 
and contracted, and the pipe and cylin- 
der uncovered, and a large back pressure 
for which allowance must be made. The 
boiler may also be forced for a trial of 10 
hours, and more coal burnt than usual. 

And by the evaporation test it will be 
found that some boilers are notorious for 





lifting water; that is, carrying it over 
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bodily. Exceptional cases will always oc- 
cur in which either test is unsatisfactory ; 
then the only way is to combine the two 
methods. 

It is desirable that the Franklin Insti- 
tute should establish some standard gen- 


so that the mill owner, in the purchase of 
a boiler of a certain horse power, may ex- 
pect a definite quantity. 

Until such is established, it will be for 
the interest of makers and purchasers of 
steam power to specify the test by which 


erally acceptable among engine builders, | the power is to be measured. 





- 


THE POLLUTION OF RIVERS. 


From ‘‘The Engineer.” 


In one form or another we have had a 
Royal Commission on the Pollution of 
Rivers for the space of 6 years. Rivers 
are still polluted, the Royal Commission 
still report, and the Commissioners are 
going to report still further. Former re- 
commendations are reiterated, and meas- 
ures declared urgent years ago are 
pronounced urgent now. Blue books fall 
heavily around us, but the rivers are still 
noisome, and farmers fail to recognize 
the value of sewage. The A B C Com- 
pany are yet alive, and@promise to astonish 
the world with their results, which they 
certainly will do if they succeed. Towards 
that issue the Company have our best 
wishes, and we do not see how the Metro- 
politan Board could have refused the offer 
of the Native Guano Company in regard 
to Crossness. Mr. Hope is experimenting 
at Romford, Exeter is availing itself of his 
experience, and the governmental authori- 
ties are all confident in recommending the 
agricultural use of sewage. Yet the ball 
does not roll well fur all that. The Me- 
tropolis Sewage and Essex Reclamation 
Company are simply doing nothing but 
hold fast to their concession, and all the 
northern sewage of the metropolis falls 
into the Thames. Above bridge things 
look very dark. A Private Bill Committee 
of the House of Commons have approved 





impressed with the utter feebleness of out 
present system. Parliament itself seems 
faint-hearted, and the apathy of the agri- 
cultural interest acts as a dead weight. 
Let once the value of the sewage be ap- 
prehended by the farmer, and the main 
difficulty is at an end. Accompanying 
this there should be a conviction on the 
part of the public that sewage is in every 
sense as safe as ordinary manure, and of 
the two less offensive. But the fact is, 
that neither the farmer nor the public 
generally is satisfied as to the merits of 
sewage irrigation, and a host of prejudices 
require to be swept away before any great 
progress can be made in the desired 
direction. It ought not to be needful for 
a town to ask for land whereon to utilize 
its sewage. The farmers ought to come to 
the towns to ask for the sewage wherewith 
to fertilize their fields. Instead of sceing 
how much sewage can be used on a given 
area, it ought rather to be an object to 
see how large an area can be fertilized 
with a given quantity of sewage. But 
from the practical exposition of these 
principles we seem almost as far off now 
as we were 10 years ago. 

The present report of the River Pollu- 
tion Commissioners deals mainly with the 
pollution arising from the woollen manu- 
facture and processes connected therewith. 


a bill granting Richmond the privilege of | The pollution of the river Aire is said to 
discharging its sewage into the Thames | begin at Skipton, where silk and cotton 
for 3 years longer, and the Thames Con- | spinning and pasteboard manufactures are 
servators are almost in despair. The carried on. Soon after leaving this point 
Royal Sanitary Commission has boldly | the river (including its tributaries) has to 
grappled with the mass of permissive and /run the gauntlet of several towns, extend- 
disjointed statutes affecting the subject of |ing from Bradley to Headingley, and in- 
its inquiry, and it is certain that if the cluding Bradford. Situated in this area 
land is to be clean we must have a new | there are no less than 1,341 cloth and 
broom for the purpose. Lord Robert | woollen factories, 1 silk mill, 1 flax mill, 7 
Montagu differs from his colleagues on | paper mills, 26 tanneries, 13 chemical 
the Royal Sanitary Commission as to the | works, 8 grease-extracting works, and 4 
machinery of Government, but is deeply | glue factories, the refuse of which pours 
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into the stream, together with the sewage 
of more than a quarter of a million of 
people. Some of the establishments are 
gigantic, and Saltaire is among them. 
This one establishment alone uses in the 
course of a year 320,000 lbs. weight of log- 
wood and similar dye wares, 15,000 Ibs. 
of chloride of lime, ammonia, and oil of 
vitriol, 40 to 50 tons of Gallipoli oil, 700,- 
000 lbs. ef soap, 40,000 Ibs. of alkali, and 
14,000 tons of coal. At Keighley, above 
Saltaire, the bed of the tributary river 
Worth has been raised 5 ft. or 6 ft. in the 
space of 40 years by the quantity of ashes 
and rubbish thrown in by manufacturers 
and others. 

Mr. Laycock, a wool comber on the 
Worth, just below Keighley, says : “ For- 
merly trout were very plentiful in the 
stream, but now no living thing can exist 
except rats, which feed on dead carcases 
of animals thrown in.” We might enlarge 
the catalogue of the factories, mills, 
“‘ works,” and sewers which pollute the 
Aire, either directly or by means of its 
tributaries, down to its junction with the 
Calder, about 10 miles below Leeds; but it 
may suffice to say that the inhabitants of 


Castleford, contiguous to the junction, 
“complain of the stench and filth brought 


down to them by both rivers.” The Com- 
missioners state that at the weir, beside 
the Aire and Calder corn mill, not only 
the water but the foam upon it was black 
at the time of their inspection, and “ the 
miller and his men” complained of the 
frequent nausea which they suffered from 
the odious stench to which they were 
continuously subjected, Yet an analysis 
of the water is said to show that “the 
poliution of the combined streams Aire 
and Calder is much less than that of the 
chief polluted rivers in Lancashire.” 

It might be feared that to interdict this 
pollution of the stream would be injurious 
to the manufacturing interest. But the 
fact is that this interest suffers severely 
through the pollution of the water. It is 
useless for one manufacturer to turn his 
refuse away from the river unless others 
are made to do the same. Hence all pol- 
lute the river, while each desires that the 
water should be pure. A law which should 
compel all parties to respect the stream 
would be a benefit to all, except in those 
few cases where the manufacturers have 
an independent water supply, or in those 
instances where clean or pure water is not 





required. ‘ On the whole,” say the Com- 
missioners, “it is apparent that the foul 
condition of these rivers is really one of 
the heaviest taxes which manufacturing 
industry has to bear.” Speaking in re- 
ference to the town of Leeds, the Com- 
missioners remark that “20 years ago the 
river was comparatively clean; it is now 
a black and greatly polluted stream.” 
The corporation “have no jurisdiction 
over the Aire, which flows through the 
centre of the town,” but they “suggest, as 
the best means of avoiding pollution for 
the future, that all local authorities and 
manufacturers should be compelled to 
utilize their sewage and liquid refuse, and 
to filter, deodorize, and precipitate it be- 
fore allowing it to flow into riv rs or their 
tributaries.” Leeds seems to experience 
the miseries of a twofold difficulty. It 
pollutes the river with 6,000 water-closets, 
and poisons its streets with 10,000 cess- 
pools. The latter are “cleansed periodi- 
cally under the direction of the Sanitary 
Committee of the corporation,” with a 
clear loss of £5,50Q a year, and the cre- 
ation of a stench which from 10 p.m. till 
4 a. m. is “something fearful.” In addi- 
tion to the sewage proper there is the waste 
from “a very large number of dyeworks, 
woollen factories, tan-yards, and chemical 
works.” Thus a great manufacturing 
towr finds itself perfectly helpless in the 
midst of a mass of costly pollution, the 
presence of which it sincerely regrets, 
while adding its own share on a large 
scale to the general evil. 

The basin of the Calder is next ex- 
plored. The head waters of this river 
are remarkably pure, but town after town 
pollutes the tributaries on their way to 
the main stream, and the river itself as it 
proceeds downwards to the Aire. Tod- 
morden, engaged in the cotton manufac- 
ture, with 12,000 inhabitants, contributes 
sewage, together with liquid refuse from 
manufactories, chemical works, gas works, 
dye works, and mines. The river bed 
near that town has been raised by making 
it the receptacle of all kinds of solid refuse, 
including scoria from iron foundries, slag, 
cinders, and road sweepings. Todmorden 
suffers severely from floods, which are 
greatly aggravated by this improper treat- 
ment of the river. Below Todmorden the 
Calder receives the water of the Heb- 
ble, bringing down with it “a very filthy 
contribution” from the town of Halifax, 
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where there are 65,000 inhabitants, chiefly 
engaged in the woollen manufacture. 
Huddersfield, with 70,000 inhabitants, 
pollutes the Colne, until the condition of 
the river and canals is such as to be “a 
source of ill-heath and discomfort” to the 
inhabitants of the town. The Commis- 
sioners say: “Films of tar were floating 
on the surface of the foul stream when we 
saw it.” Six miles lower down the Calder 
takes in a stream which brings down the 
drainage of Batley and Dewsbury. 
“The stream is polluted in the usual way 
by liquid drainage, and encumbered by all 
sorts of solid refuse.” Wakefield, with 
its 26,000 inhabitants, is the lowest town 
on the Calder, making the last consider- 
able addition to its pollutions. The river 
is here said to be in “a miserable plight,” 
fouled by many kinds of liquid refuse, | 
and very much discolored. It furnishes a | 
sort of Calder ink, wherewith Mr. Charles | 
Clay, an agricultural implement maker, 

has indited a memorandum, produced in ; 
the report in the form of a fac-simile, and 
specifying as follows : “Dedicated with- 
out permission to the Local Board of 
Health, Wakefield. This memorandum 
written with water taken from the point of 
junction this day between the river Calder 
and the town sewer. Could the odor only 
accompany this sheet also, it would add 
much to theinterest of this memorandum.” 
The Royal Commission enjoyed a trip on 








the river in the steam yacht of the Aire 
and Calder Navigation Company, kindly 
placed at ther disposal for the purpose. 
Embarking at Wakefield, the Commis- 
sioners found the Calder below the town 
to be “turbid, and of a dark brown color; 
an oily film floating on the surface, and 
the water emitted a mixed odor of sewage 
and gas tar.” That which follows is still 
more horrible: “At a point somewhat 
below this, about a mile below the main 
sewer outlet, the water supply of Wakefield 
is taken from the river.” Let us imagine 
London taking its water supply from 
the Thames a mile below the outfall 
sewers at Barking and Crossness! Yet 
at the point of junction between the Aire 
and Calder the Aire was found to be 
“polluted to more than twice the extent 
of the Calder, by both dissolved and sus- 
pended matters.” Steaming up the Aire 
towards Leeds, the Commissioners landed 
at Woodlesford, where a paper manufac- 
turer showed them a yellow-tinted paper 
utterly spoiled by the gaseous emanations 
of the river. 

Such is the lamentable condition of 
rivers, some of which only a generation 
ago were either pure or comparatively so. 
The Commissioners are confident that 
these evils admit of a remedy, in which 
the principle of sewage irrigation will 
play an important part, filtration being 
employed in certain cases. 





THE PROGRESS OF THE IRON AND STEEL INDUSTRIES IN 
FOREIGN COUNTRIES.* 


From “ The Journal of Iron and Stecl Institute.’’ 


As an attempt to supply, in some meas- 
ure at least, a long acknowledged defi- 
ciency in our technical information, viz., 
that of knowing what is being done in the 
different branches of the iron and steel 
manufactures abroad, the Council of the 
Institute have requested the foreign sec- 
retary to draw up, in the form of a quar- 
terly report, a brief summary of such in- 
formation as can‘ be obtained, connected, 
more or less directly or indirectly, with 
the advances made in these important in- 





dustries in other countries. 
This being the first occasion offered for | 





“Abstract of Quarterly Report on the Progress of the Iron 
4 rw Industries in Foreign Countries, by David Forbes, | 


carrying into effect the wishes of the 
Council, it may not be considered out of 
place, to premise by devoting a few intro- 
ductory remarks to the present relative 
positions of the British and foreign iron 
and steel industries, considered from a 
technical point of view. One of the great 
features characteristic of the age in which 
we live, is the active competition, or in- 
tense commercial rivalry, which has de- 
veloped itself in all countries, and in all 
branches of manufactures, owing to the 
rapid strides almost daily made in ad- 
vance, due, mainly, to the more and more 
extended application of scientific princi- 
ples to practical routine. Probably, in no 
single branch of industry is this competi- 
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tion more apparent than in iron and steel 
making, and as one result of it, the Brit- 
ish ironmaster, who, for the last half cen- 
tury has occupied a position, universally 
conceded to him,—that of being at the 
head of the iron and steel manufactures 
of the world, now sees that the develop- 
ment of these industries abroad, more es- 
pecially on the Continent, has, in late 
years, raised countries, far less favored by 
nature in these respects, to the rank of 
formidable competitors in a manufactur- 
ing field, which, previously, he had been 
necustomed to regard as peculiarly his 
own. 

It is no doubt perfectly true, that the 
British iron trade still continues far 
ahead of that of any other country in the 
world, and, also, as regards the annual 
turn out of this important metal, that 
Great Britain still furnishes nearly, if not 
quite as large a quantity, as the united 
production of all the other iron-making 
countries put together; still, the statistics 
of the trade will show plainly that foreign 
countries have in late years rapidly been 
gaining ground upon us, or rather it 
should be said, have been lessening the 
previous great disproportion between 
their and our own total annual make of 
iron, and further indicate that, at least in 
some few branches of the manufacture, 
they have even gone so far ahead, as to 
rival and even excel us, in regard to qual- 
ity and cheapness of production. 

It becomes, therefore, a question, both 
of importance, as well as of interest, to 
inquire into the why and wherefore of 
this result, and to scrutinize the reasons 
which have already been advanced in its 
explanation. The assertion, which has 
been made, that the rapid development of 
the foreign iron trade is to be attributed 
“to the greater improvements made in 
the manufacture of iron in France, Belgi- 
um, Germany, and Austria,” cnly requires 
a little consideration, to be proved en- 
tirely destitute of any foundation, and to 
show that it is no vain boast on our part, 
to declare, that most if not all of the 
greatest improvements, or, what may be 
termed revolutions, which have taken 
place in the modern history of the iron 
and steel manufacture, have been effected 
by purely British discoveries, and it is suf- 
ficient, amongst others, to mention the 
substitution of pit coal for charcoal, by 
Dudley; the puddling process and 


} 





rolling mills of Cort ; the hot blast intro- 
duced by Neilson; and, in regard to steel, 
the method of making cementation or 
blister steel, and crucible cast steel, along 
with the Bessemer process, to prove how 
much our continental rivals have been in- 
debted to us for even the most essential 
elements of their own success, and if we 
inquire into this subject further, it will 
be found that we not only provided them 
with these inventions, but that in many 
instances we actually lent them the very 
talent which transplanted the modern 
(English) system of iron and steel mak- 
ing on to their soil, to grow up afterwards 
to its present dimensions; as may be 
seen, for example, amongst many others, 
in the case of Creusot, the largest iron 
works in France, which owes its existence 
to Wilkinson, in 1782, whilst the modern 
iron industry of Belgium may be said to 
date from the establishment of John 
Cockerell’s works at Seraing, in 1817. 

Next, as regards the supply of the raw 
materials the advantage is decidedly on 
our side; for, both in France and Belgium, 
a very considerable percentage of the to- 
tal consumption of iron ores is imported 
from other countries from which the cost 
of transport is much higher than with 
ourselves ; whilst with respect to fuel, it 
is admitted that in most, if not in all 
cases, our coal is not only cheaper, but, 
as a rule, much superior in quality to 
that made use of in the iron districts of 
the Continent. In fact, the very cheap- 
ness of our coal is the reason why it is 
commonly employed in the most wasteful 
manner ; so much so, indeed, that the 
same amount of power or useful effect of 
the combustible often costs more in Eng- 
land, notwithstanding the cheapness of 
fuel, than on the Continent, where its 
greater value has compelled the most eco- 
nomical systems for its more perfect utili- 
zation to be carefully studied and prac- 
tised. 

In the question as to comparative 
cheapness of labor, the iron-master on the 
Continent has, however, a decided advan- 
tage over us; yet, in considering it, it 
must be remembered that the English 
workman is physically stronger and, cee/eris 
paribus, capable of doing more actual 
work in the same number of hours than 
the foreigner ; for which reason the ad- 
vantage in this respect is not so great as 
would be represented by a mere compari- 
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son of the money actually paid in days’ 
wages, but is only to be correctly estima- 
ted when piece-work rates are taken into 
consideration. The English workman, 
generally altogether uneducated, and 
with comparatively little intelligence, is, 
as a rule, a mere machine—a very perfect 
one it is true, if he be allowed much of 
his own way, and be permitted to follow, 
without deviation to right or left, the 
groove in which he was originally started; 
but otherwise, he is, in too many in- 
stances, obstinacy itself, and would rather 
strike work than listen to anything in the 
form of changes or improvements. On 
the other hand, the Belgian, French, or 
German workman is much better educa- 


ted, and consequently more intelligent, is | 


willing to be reasoned with and to accept 
improvements, and, being much more fru- 
gal in his mode of living, is in reality bet- 


larging has occurred; with us, it is but 
rarely seen that any systematic plan has 
been at all followed, and even when new 
works are erected they are too often but 
magnified copies of the old ones, already 
more or less antiquated, with most, if not 
all, their imperfections. The same remarks 
apply, in too many instances, to the 
management also, which is seldom char- 
acterized by an equal amount of either 
the intelligence, system, or economy usu- 
ally met with on the Continent; whilst, 
until more recently, it cannot but be ad- 
mitted that both our masters and our men 
have shown themselves equally loath to 
adopt or encourage improvements until 
absolutely forced to do so by pressure 
from without. 

For the very reason that capital is both 
dearer and less easily obtained than in 
England, far greater care is devoted to its 





ter off on much less wages than workmen | judicious expenditure on the Continent, 
receive in this country; besides which, | and the construction or management of 
there is on the Continent, as a rule, a | works is not left in the hands of the too 


much better feeling between man and 
master than in this country, and this ap- 
pears to be the principal reason why 
strikes so very rarely occur amongst 
them. 


If we compare the general character of 
the machinery made use of in iron works, 
the foreign will usually be found defici- 
ent in that massive appearance so charac- 
teristic of ours; and the English engineer 


often all but uneducated so-called prac- 
tical man, but intrusted to those who, by 
a regular course of study, scientific as 
' well as practical, have qualified them- 
| selves for such duties, so that their estab- 
| lishments are, as a rule, found to be much 
better arranged than ours, all the opera- 
tions following one another so as to en- 
tail the least possible unnecessary labor 





| and expense; and we do not see, as some- 


would probably, at least in many instan- | times here, whole acres of ground around 
ces, denounce it as far too light and | the iron-works, literally covered with old 


flimsy. This is due to the practice of| iron in all forms, representing so much 
foreign engineers to employ no more sub- | idle capital and loss of interest; for on the 
stance in the construction of their ma-| Continent, where no such extravagance 
chinery than is strictly necessary, accord- could be afforded, it is only by the strict- 
ing to careful calculations of the force re-| est rules of administrative economy, the 
quired and strength of the materials used. | attention paid to turning over the capital 
Although sometimes they, no doubt, leave | as quickly as possible, and the immediate 
too little margin for defects in material or | adoption of every recent improvement, 
workmanship, it does not, as a rule, ap-| that the ironmaster in Belgium and 
pear that they have more breakdowns | France can hold his own, and be enabled 
than usual in English works, where much | to enter into competition with ourselves, 
more massive machinery is seen; and this! who are so much favored by nature in re- 
suggests the idea that mere weight of | spect to iron-making. 
metal may often be employed with us to| From what has already been said, it 
insure strength in the place of excellence | will be perceived that the secret of the 
of design. | continental success in the iron and steel 
The general arrangement, or laying out | manufacture, does not lie in any great 
of the iron-works abroad, is, with few ex- | discoveries or inventions which they have 
ceptions, superior to ours, which, as a| made, but that next after the supply of 
rule, may be said to have built themselves | cheaper and more intelligent labor, 
up from a patchwork of additions, made | which they can command, it is mainly 
from time to time as the necessity for en- | dependent upon the careful and scientitic 
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attention paid to the details of each de- 
partment, by which everything is reduced 
to sound practical rules; whilst we, on the 
contrary, have, at least until lately, been 
too much accustomed to treat our fur- 
naces, forges, and in fact everything con- 
nected with the manufacture, in a sort of 
wholesale rule-of-thumb manner, leaving 
the details to take care of themselves, and 
relying mainly upon our great command 
of capital and unrivalled local resources, 
without much troubling ourselves about 
what the rest of the world may be doing 
in the same direction. 

As before mentioned, it was the great 
British discoveries in the manufacture of 
iron and steel which smoothed the road 
for the foreign ironmaster, armed as it 
were with the weapons with which we 
ourselves have provided him, to enter 
into the field of competition with us in 
these industries; and since then, he has 
not neglected to avail himself of the full 
benefits of our often very costly experi- 
ences, by making himself acquainted with 
and adopting all our different improve- 
ments as fast as they appear, often improv- 
ing upon them in his turn, and by keep- 
ing himself fully posted up in all matters 
eonnected with these manufactures both 
here and elsewhere. 

In this respect the foreigner is greatly 
assisted by the many and excellent jour- 
nals and other publications which he pos- 
sesses, specially devoted to mining and 
metallurgy, and is still further aided by 
the valuable reports constantly published 
by able men, sent out at the expense of 
their governments, mining schools, or 
other public institutions, for the express 
purpose of studying and reporting upon 
the improvements made, and the actual 
conditions of the various branches of such 
industries in other countries, with a view 
of obtaining information calculated to ad- 
vance these industries in their own coun- 
try. 

The difficulties which any one in Eng- 
land, who may be interested in the man- 
ufacture of iron and steel, has to contend 
with, when seeking information as to 
what is going on in these industries even 
in his own country, not to mention for- 
eign parts also, are not to be underrated; 
for to our shame must it be acknowledged, 
that we have not a single periodical in 
Great Britain dedicated to the science or 
practice of mining and metallurgy, not- 





withstanding that in this branch of indus- 
try our interesis are admittedly the 
greatest in the world ; and it seems as 
surprising as it is true, to think, that if 
we wish for information as to what is be- 
ing done in these directions amongst our- 
selves, we have no resource but to refer to 
journals or works published in the Ger- 
man, French, or Swedish languages, or 
to attempt to acquire it viva voce on the 
spot. 

As the space at command is necessarily 
limited, it would be quite impossibe, with- 
in the scope of such a report, to devote 
more than a comparatively very short 
notice to any one country, or department 
of the manufacture; for the object sought 
to be attained is not so much to communi- 
cate any lengthened description of the 
iron trade of any one country, or of any 
particular metallurgical process or ma- 
chine, as to convey a somewhat general, 
but, as far as possible, correct impression 
of what is going on elsewhere, and to 
point out how, and where, more detailed 
information as to any particular improve- 
ment, or statement connected with this 
industry, may be obtained by those per- 
sons who may be more particularly inter- 
ested in its study or application. 

In order to do so, itis proposed to sub- 
mit the principal foreign journals treat- 
ing of applied science, or subjects direct- 
ly or indirectly connected with the me- 
tallurgy of iron and steel, to a careful ex- 
amination, in the order of their publica- 
tion, so as to extract therefrom all such 
information as relates to these manufac- 
tures; the substance of which will be 
communicated in the report, in notices 
longer or shorter in proportion as the im- 
portance of the subject appears to. de- 
mand; and attention is directed to the 
following list of foreign periodicals repre- 
sentative of the respective countries 
under which their titles are placed, which 
will be regularly submitted to such 
scrutiny :— 


Austria— 
Oesterreichische Zeitschrift fiir Berg 
und Hnuettenwesen. 
Zeitschrift der Deutsch Oesterreichische 
Stahl Industrie. 
Belgium— 
Recueil Spécial des Brevets d’Invention. 
Revue Universelle des Mines et Métal- 
lurgie. 





VAN NOSTRAND’S ENGINEERING MAGAZINE. 


137 





France— 

Annales des Mines. 

Annales Forestiéres et Métallurgiques. 

Bulletine de la Societé de l’Industrie 
Minerale. 

Descriptions des Machines et Procédés 
pour lesquels des Brevets d’Inven- 
tion ont été pris. 


Germany— 
; Berg Geist. 
Berg und Huettenmannische Zeitung. 
Polytechnische Centralblatt. 
Polytechnische Journal. (Dingler.) 
Zeitschrift fur das Berg Huetten und 
Salinenwesen in dem Preussischen 
Staate. 
Zeitschrift des Vereins Deutscher In- 
genicurs. 
Ttaly— 
Bollettino 
d'Italia. 
Giornale delle Arti e delle Industrie. 
Tl Politecnico. 
North America— 
Americal Journal of Science and Arts. 
Bulletin of the American Iron and Steel 
Association. 
Journal of the Franklin Institute. 
United States Commissioner of Patents’ 
Reports. 


Norway— 
Polyteknisk Tidsskrift. 
Nyt Magazin for Naturvideuskaberne. 


Industriale del Regno 


Spain— 
Minera Revista. 
Sweden— 
Jern Kontorets Annaler. 
Ingeniérs Foreningens Férhandlingar. 


Commencing now with a review of the 
progress of the iron trade on the Conti- 
nent, and elsewhere, in the alphabetical 
order of the names of the respective coun- 
tries :—Austria, which, from its geo- 
graphical position, has been one of those 
least affected by the lamentable war 
raging on the Continent, appears to have 
been steadily going ahead in respect to 
both the iron and steel manufactures. 
During the year 1869, the total produc- 
tion of iron, which, in 1845, only amount- 
ed to about 175,000 tons, had increased to 
395,000 tons, and this increase was par- 
ticularly remarkable in Bohemia, where, 
owing to the erection of various blast 
furnaces of larger and more modern con- 





struction, the make for 1870 is estimated 
at some two-and-half million centners, or 
above 123,000 English tons of pig iron for 
that province alone. 

The latest return of the blast furnaces in 
Austria which we have come across is for 
1867, in which year there was a total of 
292, 210 of which were in blast ; against 
295 returned as existing in the previous 
year, 1866, of which, however, only 195 
were in operation. 

In 1867, the total production from the 
mines is given at 13,284,356 centners, 
equal to about 620,710 English tons iron 
ore, and the yield of pig iron amounted 
to 5,712,552 centners, or 281,011 tons. 

Up to the very commencement of the 
war between France and Germany, the 
annual production of iron in Belgium has 
continued rapidly and steadily increasing ; 
from a total of only 144,000 tons in 1850, 
it rose to 319,000 tons in 1860, and last 
year, 1869, it is returned at 863,000 tons, 
so that it has nearly tripled itself within 
the last ten years. 

At the beginning of this year, 1870, 
every symptom showed itself that this 
great rate of increase would be fully main- 
tained, since from the official statistics it 
appeared that during the first five months 
of this year the exportation of rails from 
Belgium amounted to 50,617 tons, against 
41,895 tons in the corresponding period 
of 1869, whilst only 27,597 tons had been 
exported in the corresponding period of 
1868. 

During the last half of this year, how- 
ever, this manufacture has been suffering 
more and more from the effects of the 
war, orders having rapidly fallen off; and 
it is in great measure due to the prompt- 
ness with which the Belgian Government 
came to the assistance of the ironmasters, 
that they have been enabled, without 
making any very material reductions, to 
carry on their works in the face of the 
very adverse circumstances against which 
they had to contend. 

In consequence of the war the export 
of rails from Belgium during the month 
of August, this year, declined to 7,132 
tons, against 19,486 tons in August, 1869; 
and the returns of the total quantity of 
rails exported during the first eight 
months of 1870, show a marked decrease 
on those of the corresponding months of 
the previous year, being 93,889, against 
103,746 tons in 1869. A reference, how- 
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ever, to the figures before mentioned, 
which represented the exportation for the 
first 5 months of 1870, will show that the 
entire falling off took place after the com- 
mencement of the war. The same remark 
applies to the importation of iron ores 
into Belgium, which in the month of 
August, 1870, only reached 38,357 tons, 
against 57,461 tons in August, 1869 ; al- 
though, owing to the very much larger 
quantity imported during the first half 
year 1870, than in the first half year 1869, 
the total importation for the first 8 
months of 1870 amounted to 424,130 tons, 
or considerably more than in the corre- 
sponding period of 1869, during which it 
only reached 376,924 tons. 

In France the total production of iron 
for the year 1869 is returned at 1,380,000 
tons, and the prospects at the commence- 
ment of this year appeared most promis- 
ing, and, in fact, most of the iron-works 
were kept extremely well occupied up to 
near the end of July. It will be seen, by 
a reference to the annexed figures, that 
the production both of cast and wrought 
iron during the first half year of 1870, 
exhibited a decided increase over those 
returned for the corresponding period in 
the preceding year : 

Cast Iron. Wrought Iron. 


1st half-year, 1870 .. 714,892 tons .. 510,528 tons 
Ist do. 1869 .. 699,749 “ ., 497,328 « 


Increase in .. 1870.. 15,143 “ .. 13,200 “ 


and the production of steel for the first 
half year, 1870, is estimated at— 

sees eee. 25,360 tons, 
Martin, and other steel .... 44,219 *“ 


Total .... 69,579 “ 


Bessemer steel 


The Custom House returns of iron ores 
imported into France during the first 5 
months of this year, show 228,905 tons, of 
which quantity, 52,117 tons came from 
Belgium; 46,783 tons, from Germany; 41,- 
580 tons, from Spain; and 70,243 tons, 
from Algeria. 

The effects of the war could not other- 
wise than prove most disastrous to the 
iron trade of France, and, of course, the 
ironworks of the Moselle group, from their 
close proximity to the frontier and seat of 
operations, were the first to feel these 
effects. In the beginning of August, the 
mineral workings of the Moselle had al- 
ready been all but deserted, the forges 


and furnaces of Stiring and Ars been| gs 





stopped, and many of the Longwy iron- 
mastershad decided uponblowing out their 
furnaces ; on the other hand, the iron- 
works situated in the basin of the Loire 
had, up to the latest advices, continued in 
the greatest activity; all the works at Fir- 
ming, St. Etienne, St. Chamond, Aissailly, 
and Rive de Gier, having turned their at- 
tention to the production of warlike ma- 
terials—cannons, balls, shells, armor- 
plate, etc.—whilst their workshops as- 
sisted in the production of small arms of 
all kinds. 

In Germany, notwithstanding that in 
some few places, the effects of the war 
have given rise to an unprecedented ac- 
tivity in certain branches of the iron and 
steel manufacture, there cannot be much 
doubt but that, on the whole, these in- 
dustries have suffered greatly, more es- 
pecially by reason of the immense number 
of hands which have been drawn away 
from the mines and works for military 
service, so that it will most probably ap- 
pear, when the statistical returns are 
made ‘out, that the 'great annual rate of 
increased production, so well marked in 
late years, will not have continued in 
1870; and it is not unlikely that the 
total production may not even reach the 
figure of the preceding year. 

In 1845, the entire production of pig 
iron in the German Confederation (Zoll- 
verein), is stated not to have exceeded 
180,000 tons. The discovery in 1850 of 
the so-called black band iron ores of West- 
phalia, and the development of the coal 
fields, gave at once an enormous impetus 
to the trade, so thatin the years 1867 and 
1868 the returns showed that the produc- 
tion had already risen to 1,032,000 and 
1,181,344 tons respectively; whilst for 
1869, which has not as yet been made 
known, it is anticipated that the amount 
will reach fully one-and-a-quarter million 
of tons. 

According to the “ Berg Geist” for 1870, 
p. 141, there were in the Zollverein in the 
year 1868, 1622 iron mines in operation, 
which employed 28,356 men, and yielded 
72,687,372 centners, or 3,547,304 English 
tons of iron ore, and that during the same 
year the products from the smelting es- 


tablishments were as follows:— 
Centners, English Tons. 
24,003,753... .1,181,344 
2 5,336,618.... 258,847 
Wrought iron ofallkinds 15,025,344.... 739,470 
1 2,456,736.... 120,908 
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fn the Zeitschrift f. d., Berg Huetten, 
u. Salinenwesen i. d. Preussischen Staate, 
Bd. 16, s. 209, attention is drawn to the 
production of Bessemer steel at the 
Konigshuette, in Upper Silesia, the pig 
iron being treated directly without re- 
smelting, and no spiegeleisen required, as 
a peculiar gray iron produced on the spot 
is found an excellent snbstitute; it is fur- 
ther stated that the ores of Upper Silesia 
are admirably adapted for the Bessemer 
process, and that this district can com- 
pete with any other in the manufacture of 
Bessemer steel. A paper by C. F. Durre, 
of Berlin, on the cause of the frequent ir- 
regularities in the working of the Upper 
Silesian charcoal and coke blast furnaces, 
and on the means of preventing or curing 
the same, will also be found in the “ Berg 
und Huettenmannische Zeitung” for 1870, 
pp. 337 and 345, and as an example of 
how, on the Continent, means are taken 
for keeping the ironmaster well posted up 
as to all that goes on elsewhere, a report, 
made by Herr Nasse, one of the Prus- 
sian Government mining staff, publish- 
ed in the Zeitschr. f. Berg Huetten u. Sa- 
lin. f. d. Preussischen Staate, Bd. 18, s. 1, 
gives a summary of the state of our 
wrought iron and cast steel manufactures 
in 1869, based upon data obtained by that 
gentleman, on a tour of inspection in 
England and Wales during that year. 

The next country in alphabetical order 
is North America; and here we find, 
according to the very recent reports 
of the Secretary of the American Iron 
and Steel Association, that the iron 
trade of the United States, has increas- 
ed at a very extraordinary rate dur- 
ing the last few years; the total pro- 
duction of anthracite pig having risen 
from 519,211 tons in 1860, to 971,150 
tons in 1869; whilst at the same time the 
make from the bituminous coal furnaces 
has increased with equal rapidity, being, 
in 1869, 553,341 tons, or 63 per cent. more 
than 1868, 74 per cent. above 1867, and 
105 per cent. above 1866. In 1854, it did 
not exceed 54,485 tons; since which time 
the average annual increase has been at 
the rate of 544 per cent. The production 
of charcoal iron in 1869 is returned at 
392,150 tons; of which quantity 38,000 
tons were made in the New England 
States, 134,000 in the Middle States, 206,- 
500 in the Western States, and 13,650 
tons in the Southern States. The total 


production of pig iron of all kinds in the 
United States, for the year 1869, amount- 
ed to 1,916,641 tons; a figure which indi- 
cates that the make has more than dou- 
bled itself in a period of four years only. 
The production of railroad iron, in 1869, 
reached 593,586 tons,* against 189,818 
tons in 1861, and as in the course of the 
year no less than 345,000 tons additional 
were imported, it follows that the total 
consumption in that year amounted to 
938,586 tons; and it is estimated that, if 
the extension of the United States rail- 
way system continues at the same rate, it 
will require, during the next five years to 
come, an average supply of at least one 
million tons per year. 

The produce of the rolling mills, other 
than rails, in 1869, was 642,420 tons, the 
principal items in this amount being 292,- 
500 tons bar and rod; 36,320 tons sheet; 
68,000 tons plate; 17,200 tons hoop; 146,- 
400 tons spikes and nails; 72,000 tons 
axles, etc.; whi'st 120,795 tons of these 
descriptions of iron were imported in the 
same year; which, consequently, makes a 
total of 763,215 tons as the entire con- 
sumption of wrought iron, other than 
rails, in the year 1869. 

According to a statement made by Mr. 
Humphreys, at the American Institute 
Fair, Nov. Ist, the production of wrought 
iron in the United States, in 1869, was 
550,000 tons ; but that during that year 
no less than 600,000 tons of rails were 
rolled, more than one-half in Pennsylva- 
nia, the rest in New York, Troy, Rome, 
Syracuse, Elmira, and Buffalo ; and, ac- 
cording to him, the most of these rails 
were of a superior quality to those im- 
ported. 

Very little Bessemer pig iron is used in 
the United States : about three-fourths of 
the entire quantity used in making Bes- 
semer steel being imported, and it is sta- 
ted that the steel rails made in the Uni- 
ted States cost almost, if not quite, as 
much as the price at which they can be 
imported from Europe, even after paying 
the duty. Mr. Humphrey estimates the 
quantity of steel made annually at Pitts- 
burg at 20,000 tons, chiefly turned out of 
four establishments, and allows that it is 
not so uniform in quality as Sheffield 
steel. The Secretary of the American 
Iron and Steel Association in his report, 








* No doubt a large proportion of this quantity consisted of 
' re-rolied old rails.—(D, F.) 
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returns the total amount of Bessemer steel 
rails manufactured in the United States, 
in 1869, at 9,650 tons. It must be re- 
membered that the ton in general use in 
the United States and other parts of 
North America is only 2,000, instead of 
2,240 avoirdupois pounds. 

In Norway, the iron trade has of late 
gradually fallen of, so as to have become 
all but extinguished. Within the last 
few years many of the principal iron-works 
have been stopped, so that of the fifteen 
blast furnaces in the southernmost dis- 
trict, there are at this moment probably 
not more than 5, if quite as many, in blast, 
and it is doubtful whether any of these 
could produce best charcoal Bessemer pig 
under £4 10s. per ton, a price which can 
hardly be expected to prove remune- 
rative. 

The chief cause of this decline is to be 
attributed to the daily increasing want of 
fuel in a country which possesses no coal, 
and in the greater cost and difficulty of 
obtaining sufficient charcoal, owing to the 
destruction of the forests, caused by 
the most improvident and really barbarous 
manner in which from times immemorial 
they have been dealt with, combined with 
the great development of the export 
timber trade of the country. 

The great fall in price and demand for 
Norway charcoal bars, formerly in so high 
repute, especially in the North American 
market, and the United States all but pro- 
hibitory tariff, as well as still more re- 
cently the continental war, have all com- 
bined to hasten the ruin of the iron trade 
of this country. 

The only steel now made in Norway is 
at the Naes Works, near Arendal, where 
crucible cast steel is made on some seale 
by the usual English process, both for 
home use as well as exportation, chiefly to 
Germany. The Bessemer process has not 
as yet been introduced into Norway, and 
some trials made with the Heaton process 
on pig iron made at the Eidsfoss Works, 
although to some degree satisfactory, were 
not. considered sufficiently so, to warrant 
its adoption at that establishment. 

With regard to the production and 
manufacture of iron in Russia, the infor- 
mation which we have been able to obtain 
has been extremely incomplete and vague. 
According to different writers, the total 
annual production of iron in the Russian 
empire varies from 200,000 to 350,000 





tons; but most accounts agree in repre- 
senting the iron trade in that country, if 
not actually declining, as nearly station- 
ary, since the increased production in 
some few districts is about, or even more, 
than counterbalanced by the diminished 
yield in others, caused by a deficient sup- 
ply of fuel, owing to the destruction of the 
forests. " 

Until very recently charcoal has been 
the only fuel employed in most parts of 
Russia for smelting iron ores. Recently, 
however, a new era has been inaugurated, 
by the utilization of certain previously 
little explored deposits of coal, for the 
making of iron on a much larger scale 
than hitherto, especially of the coal mines 
of Jekatarinoslaw, on the Kharkoff Azov 
line; in connection with which, very ex- 
tensive works for iron-making and for the 
production of rails, are now in course of 
erection, by means of English capital, at 
Alexandrosski, near Mariupol, on the Sea 
of Azov. 

Spain is a country in which it is ex- 
tremely d fficult to obtain reliable infor- 
mation on most subjects, and this is the 
case with regard to its iron and steel 
manufactures also; it would appear, 
however, that the production of iron in 
this country, if not actually retrogressing, 
is, at any rate, far from advancing. 
Foreign iron appears to have, in a great 
measure, pushed the formerly so-esteemed 
Spanish product all but out, even of their 
own markets, and the attention which 
before was directed to iron-making, is 
now, in a great measure, turned to the ex- 
traction and exportation of the better 
qualities of Spanish iron ores to other 
countries, more especially to South Wales, 
France, and Belgium, a trade which is 
yearly increasing, particularly from the 
northern coast of Spain. 

The latest statistics which we have come 
across are for 1867, in which year there 
were 245 iron mines, or concessions, in 
operation ; which employed 2,366 work- 
men, and afforded 2,544,807 metrical 
quintals, about 125,242 English tons, 
against 1,801,313 quintals, or 88,650 tons 
the year before, 1866. 

The number of iron-works and forges in 
Spain, in 1867, is returned at 149; of 
which 102 were in operation, employing 
4,886 workmen, and in that year also 23 
blast furnaces, and 27 Catalan forges 
were in blast ; besides 26 blast furnaces 
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and 2 Catalan forges idle. The total 
production of iron and steel in Spain 


1867, 
Metrical Quintals. 


Cast iron of all sorts 
Wrought iron of all sorts 


In Sweden, the subject of the future of 
the iron trade of the country is one which 
at this moment is attracting much atten- 
tion, and, upon this question, opinions 
are divided as to whether the future iron 
and steel industry should be based upon 
the production of manufactured aruicles, 
as rails, tyres, ete., or should be confined 
to the exportation of raw and half-finished 
products, like iron ores, Bessemer pig 
iron, and Bessemer steel ingots—suitable 
for manufacturing purposes in England 
and elsewhere. In support of the first 
opinion, its advocates allege that Sweden, 
by means of the Bessemer process, and the 
importation of fuel from England,can com- 
pete with that country in the production 
of steel rails, tyres, etc., more especially 
for the Russian market. A good speci- 
men of their arguments and calculations 
will be found in an article in the Stock- | 
holm “ Aftonblad;” a translation of which 
appeared in “ Engineering,” August 12th, 
p- 171, where it will be seen that the | 


case has been placed in rather too favor- | 


able a light, owing to several very essen- 


tial elements in the calculations upon | 


which the estimated cost of Bessemer pig 
and steel are based, such as the cost of fuel, 
freight, etc., being put down at figures con- 
siderably under the mark. The author of 
this report, (D. F.) holds with the sup- 
porters of the other side of the question, 
believing that Sweden will do better in 
confining herself to supplying the daily 
increasing demand for first-class iron ores 
and half-finished products, by exporting 
them to other countries, more particularly 
to England, where the cheapness of fuel 
and of capital can effect their further 
elaboration at a price much lower than it 
can be done for in Sweden. The increased 
facilities for transport, which will be 
afforded when railways become opened out 
into the immensely rich mineral districts 
of Central Sweden, and especially by 
the projected Fablun and Krosskarr line 
will enable immense quantities of the 
purest iron ores, averaging some 60 per 
cent. of iron, to be shipped from the east 


for the years 1866 and 1867 is given as 
follows : 


1866. 
— Tons, 
. 18,290 
. .16,027 

2383 


English Tons. 
22,697 


coast of Sweden, so as to be delivered in 
England at about £1 per ton, and such a 
trade could not but prove greatly to the 
benefit of both countries, 

Although Sweden possesses practically 
inexhaustible mines of the finest iron 
ores, the production of iron is altogether 
limited by the supply of charcoal, which 
can be obtained annually from the forests, 
which in most parts of the country have 
not only been treated in the most impro- 
vident manner, but also of late years have 
much diminished in area, by the large 
tracts which from time to time are cleared 
away and brought under cultivation; so 
that, at the same time, the annual supply 
of charcoal is not only becoming less and 
less, but its cost price is increasing in a 
similar ratio. 

Another cause of the present depression 
of the Swedish iron trade is, that owing 
'to the great improverhents which in late 
years have been made in the manufacture 
| of iron with coal, the charcoal-made iron, 
notwithstanding its undoubted superiority 
in quality, does not now hold the same 
‘increased value, when compared to the 
| latter, as it formerly did; and from being 
‘only employed for exceptionally good 
| requirements, is much less in demand at 
present. 

This is beginning to be understood in 
| Sweden, for although the majority of the 
Swedish ironmasters still continue in the 
old groove of charcoal hearth refining, 
more and more attention is being directed 
to Bessemer steel making, which, al- 
though hitherto confined to the three 
works of Hégbo, Siljanfors, and Carlsdal, 
is now also in steady operation at Fager- 
sta, whilst new Bessemer plant is in 
course of erection at Farsbacka, near 
Gefle, and further north at Iggesund ; 
and similar works are also in contempla- 
tion at Swartnaes in Dalecarlia, and at 
Smedjebackan, where, for the last two 
years, the manufacture of rails from re- 
fined iron has been carried on without 
proving as yet a commercial success. 

Very recently, some attention has been 
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directed to the manufacture of spiege- 
leisen, and one or two furnaces have, dur- 
ing the last year, been engaged in its 
—- it is said with success. As, 

owever, the Swedish iron ores in gener- 
al are seldom rich in manganese, it does 
not appear probable that this manufac- 
ture will develop to any great extent. 

In conclusion, it may be mentioned 





that a very interesting series of specimens 
of the principal Swedish iron ores, and 
the products from their reduction, have, 
within the last month, been presented by 
the Swedish Iron Office at Stockholm to 
the Museum of the Royal School of Mines 
at Jermyn Street, and are well worth an 
examination by those interested in the 
metallurgy of iron. 





“ EXAMPLES OF THE PERFORMANCE OF THE ELECTRO- 
MAGNETIC ENGINE. 


Br J. P. JOULE, D. C.L., F. R. 8. 


From ‘* The Artizan,”’ 


Some experiments and conclusions I 
arrived at a quarter of a century ago, 
having been recently criticised, I have 
thought it might be useful to place the 
subject of work in connection with elec- 
tro-magnetism in a different and I hope 
clearer form than that in which I have 
hitherto placed it. The numbers given 
below are derived from recent experi- 
ments. 

Suppose an electro-magnetic engine to 
be furnished with fixed permanent steel 
magnets, and a bar of iron made to re- 
volve between the poles of the steel mag- 
nets by reversing the current in its coil of 
wire. Such an arrangement is, perhaps, 
the most efficient, as it is the most simple 
form of the apparatus. In considering it, 
we will first suppose the battery to consist 
of five large Daniell’s cells in series, so 
large that their resistance may be neglect- 
ed. We will also suppose that’ the coil of 
wire on the revolving bar is made of a 
copper wire 389 ft. long, and 7, of an inch 
diameter, or offering a resistance equal to 
one B A unit. Then, on connecting the 
terminals of this wire with the battery, 
and keeping the engine still, the current 
through the wire will be such as, with a 
horizontal force of earth’s magnetism 
3.678, would be able to deflect the small 
needle of a galvanometer furnished with 
a single circle of 1 ft. diameter, to the 
angle of 54° 23’. Also, this current going 
through the above wire for one hour will 
evolve heat that could raise 110.66 lbs. of 
water 1°, a quantity equal to 85,430 ft.-lbs. 
of work. In the mean time the zine 
consumed in the battery will be 535.25 
grains. Hence the work due to each grain 





of zinc is 1.596 ft.-lbs., and heat 0.20674 
of a unit. 

I. In the condition of the engine being 
kept still we have therefore, current be- 
ing 1.396, as shown by a deflection of 54° 
23’— 

1. Heat evolved per hour by the wire, 
110.66 units. 

2. Consumption of zinc per hour, 535.- 
25 grains. 

3. Heat due to 535.25 grains, 110.66 
units. 

4. Therefore, the work per hour will 
be (110.66-—-110.66) 722—0. 

5. And the work per grain of zine will 

0 


be == 0, 
535.25 

IL If the engine be now started and 
kept by a proper load to a velocity which 
reduces the current to 3, or 0.9307, in- 
dicated by deflection 42° 57’, we shall 
have— 

1. Heat evolved per hour by the wire, 
110.66 & { % }*= 49.18 units. 

2. Consumption of zine per hour, 535.- 
25 X 4 =356.83 grains. 

3. Heat due to 356.83 grains, 110.66 
} = 73.77 units. © 

4. Therefore the work per hour will be 
(73.77 — 49.18) 772 = 18983 ft.-lbs. 
5. And the work per grain of zinc will 

18983 . 

be te 53.2, or } of the maximum. 

III. If the load be lessened until the 
current is reduced to 4 of the original 
amount, or to 0.698, we shall have — 

1. Heat evolved per hour by the wire 
110.66 (4)? = 27.665 units. 

2. Consumption of zine per hour, 535.- 
25. X 4 = 267.62 grains. 
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3. Heat due to 267.62 grains, 110.66 
4 = 55.33. 

4. Therefore, the work per hour will 
be (55.33— 27.665) 772 = 21357. 

5. And the work per grain of zine will 

21357 ° 
be we 79.8, or 4 of the maximum 
duty. 

IV. If the load be still further reduced 
and velocity increased so as to bring down 
the current to 4 of what it was when the 
engine was still, or to 0.4653, shown by a 
detiection of the galvanometer of 24° 57’, 
we shall have— 

1. Heat evolved per hour by the wire 
110.66 X (4) * = 12.294 units. 

2. Consumption of zine per hour, 535.- 
25 K 4 = 178.42 grains. 

3. Heat due to 178.42 grains, 110.66 
4 = 36.89 units. 

4. Therefore, the work per hour will be 
(36.89 — 12.294) 77218988 ft.-lbs. 

5. And the work per grain of zine will 


bi 18988 
178.42 


duty. 

V. Remove the load still further until 
the velocity increases so much that the 
current is brought down to ;4,th of its 
quantity when the engine is still) Then 
we shall have— 

1. Heat evolved per hour by the wire, 
110.66 XK (+45) ? = 0.011066 of a unit. 

2. Consumption of zine per hour 535.25 
Xho = 5.3525 grains. 


= 106.4, or 2 of the maximum 


3. Heat due to 5.3525 grains of zine, | } 


110.66 K +45 = 1.1066 units. 

4. Therefore the work per hour will be 
(1.1066 — 0.011066) 772 — 845.73 ft.-lbs. 

5. And the work per grain of zinc will 
be ee 158, or 3%% of the maximum 
duty. 

When the velocity increases so that the 
current vanishes the duty = 159.6. 


I. Let us now improve the engine by 
giving it a coil of four times the conduc- 
tivity, which will be done by using a 
copper wire 389 ft. long and 1 of an inch 
diameter, the same battery being used as 
before. Then when the engine is kept 
still we shall have a current 1.396 & 4 = 
5.584, shown by a deflection of 78° 51’. 
Then we shall have— 

1. Heat evolved per hour by the wire, 
110.66 (4)? = 442.64 units. 





2. Consumption of zine per hour 535.25 
X 4 = 2141 grains. 

3. Heat due to 2141 grains, 442.64 
units. 

4. Therefore, the work per hour will 
be (442.64— 442.64) 772 = 0. 

a fae the work per grain of zine will 
ae tombe 

II. Start the engine with such a load as 
shall reduce the current to 2, or to 3.7227 
(74° 58’), then we shall have— 

1. Heat evolved per hour by the wire, 
442.64 & (2) * = 196.73 units. 

1. Consumption of zinc per hour, 2141 

% = 1427.3 grains. 

3. Heat due to 1427.3 grains 442.64 
2 = 295.08 units. 

4. Therefore, the work per hour will be 
(295.09 — 196.71) 772 = 75934. 

5. And the work per grain of zine will 
b. 75934 

© 1427.3 
duty. 

III. Lessen the load so that the ve- 
locity of the engine is increased until the 
current is reduced to one half its original 
amount, or 2792 shown on the galvanom- 
eter by a deflection of 70° 18’. Then 
we shall have— 

1. Heat evolved per hour by the wire, 
442.64 & (4) * = 110.66 units. 

2. Consumption of zinc per hour, 2141 
X< § = 1070.5 grains. 

3. Heat due to 1070.5 grains, 442.64 « 
== 221.32 units. 

4. Therefore, the work per hour will 
be (221.32—110.66) 772 = 85430 ft.-lbs. 

5. And the work per grain of zine will 

85429 
© 070.5 
duty. 

IV. Let the load be further reduced 
until the velocity reduces the current to 
4, or to 1.8613 shown by a deflection of 
61° 45’. Then we shall have— 

1. Heat evolved per hour by the wire, 
442.64 (4) * == 49.182 units. 

2. Consumption of zine per hour, 2141 
X 4 = 713.66 grains. 

3. Heat due to 713.66 grains of zinc, 
442.64 K 4 = 147.55 units. 

4. Therefore, the work per hour will be 
(147.55 — 49.182) 772 = 75940 ft.-lbs. 

5. And the work per grain of zine will 


b 75940 Bei 
©7366 


53.2, or 4 of the maximum 


= 79.8, or 4 the maximum 


106.4, or 2 of the maximum. 
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V. Let the load be still further re- 
duced until, with the increased velocity, 
the current becomes reduced to y+}5, or 
to 0.05584, showing a deflection of 3° 12’. 
Then we shall have— 

1. Heat evolved per hour by the wire, 
442.64 X (745) 7 = 0.044264 of a unit. 

2. Consumption of zine per hour, 2141 
x qty = 21.41 grains. 

3. Heat due to 21.41 grains of zinc, 
442.64 XK ,}9 = 4.4264 units. 

4. Therefore the work per hour will be 
(4.4264—0.04426) 772 = 3383 ft.-lbs. 

5. And the work per grain of zine will 
be a = 158, or +99; of the maximum 
duty. 

Now, suppose that we still further im- 
prove our engine by making the station- 
ary magnets twice as powerful. In this 
case all the figures will remain exactly 
the same as before, the only difference 
being that the engine will only require to 
go at half the velocity in order to reduce 
the current to the same fraction of its 
first quantity. The attraction will be 
doubled, but the velocity being halved no 
change will take place in the amount of 
work given out. 

In all cases the maximum amount of 
work per hour is obtained when the en- 
gine is going at such a velocity as reduces 
the current to one half of its amount 
when the engine is held stationary, and 
in this duty per grain of zinc is one half 
of the theoretical maximum. 

The same principles apply equally well 
when, instead of employing the machine 
as an engine evolving work, we do work 
on it by forcibly reversing the direction 
of its motion. Suppose, for instance, we 
urge it with this reverse velocity until the 
quantity of current is quadrupled or be- 
comes 22.336 indicated by a deflection 
of 87° 26’. Then we shall have— 

1. Heat evolved per hour by the wire, 
442.64 K 4° = 7082.2 units. 

2. Consumption of zine per hour, 2141 
X + = 8564 grains. 

3. Heat due to 8564 grains of zinc, 
442.64 &K 4 = 1770.56 units. 

4. Therefore, the work per hour will be 
ee. ee 772 == — 4100432 ft.- 
bs. 

5. And the work per grain of zinc will 

— 4100432 zi 
e —_____. == — 478.8, or — three times 
sob64 
the maximum working duty. 





The principa] reason why there has 
been greater scope for the improvement of 
the steam engine than for the electro- 
magnetic engine arises from the circum- 


stance that in the formula 7 applied to 


the steam engine by Thompson, in which 
a and 6 are the highest and lowest tem- 
peratures, these values are limited by 
practical difficulties. For a cannot be 
easily taken above 459° + 374° = 833? 
from absolute zero, since the temperature 
gives 12.425 atmospheres of pressure, nor 
can 6 be readily taken at less than the 
atmospheric temperature of 459° -++ 60° 
=519°. Also there is much difficulty in 
preventing the escape of heat ; whereas 
the insulation of electricity presents no 
difficulty. 

I had arrived at the theory of the elec- 


‘tro-magnetic engine in 1840, in which year 


I published a paper in the fourth volume 
of “ Sturgeon’s Annals,’ demonstrating 
that there is “ no variation in economy 
whatever the arrangement of the con- 
ducting metal, or whatever the size of the 
battery.” The experiments of that paper 
indicate 36 ft.-lbs., as the maximum duty 
of a grain of zinc in a Wollaston battery. 
Multiplying this by 4 to bring it to the 
intensity of a Daniell’s battery, we obtain 
144 ft.-lbs. Here, as in the experiments 
in the paper on “ Mechanical Powers of 
Electro-Magnetism, Steam, and Horses,” 
the actual duty is less than the theoretic, 
which is owing partly to the pulsatory 
nature of the current, and partly also to 
induced currents giving out heat in the 
substance of the iron cores of the electro- 
magnets ; although these last were ob- 
viated as far as possible by using annealed 
tubes with s]its down their sides. 





genes E. B. Exxiort, of Washington, 
gives a life table of American sea-going 
sailing vessels, derived from the career of 
26,737 vessels, of which 4,165 were known 
to be extant. The table shows that out of 
1,000 vessels, 584.4 survive 10 years, 219.5 
20 years, 57.2 30 years, 11.1 40 years, and 
none 50 years. ‘he average duration of 
ships is 13.8 years; of those which have 
been built 10 years, 9.3 years longer; built 
20 years, 7.2; 30 years, 6.2; 40 years, 2.7. 





i uses 8,000,000,000 cubic ft. of 
gas annually, costing $8,000,000. 
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WET STEAM,* 


By LEICESTER ALLEN, M. E. 


The second annual report of the In- 
spector of Boilers of the city of Phila- 
delphia states that, out of 56 men who 
presented themselves during the year 
1870 for inspection and license as engi- 
neers and boiler-tenders, only 4 were 
considered first-class. Out of 39 who 
sought examination for a renewal of their 
licenses, only 9 were first-class. A large 
proportion were only third-class. I am 
not aware what the standard of classifica- 
tion adopted in Philadelphia is, but it is 
probably none too rigid. It is, probably, 
also fair to suppose that those who 
sought examination were better than the 
average of those employed to take charge 
of boilers ; since there is in that city no 
penalty imposed for the employment of 
unlicensed engineers or boiler-tenders. I 
deem it, therefore, extremely probable 
that the 4 receiving first-class certificates, 
out of the 56 examined, represent even a 
larger proportion of thoroughly qualified 
men than would be shown if a general 
system of examination and license were 
legally enforced. 

In view of the general incompetence of 
those placed in charge of boilers not only 
in Philadelphia, but throughout the coun- 
try, the use of boilers not only safe with 
good care and treatment, bunt safe even 
under neglect, has been gradually grow- 
ing in favor, notwithstanding most of the 
boilers justly regarded as being incapable 
of exploding disastrously do not com- 
pete in point of economy with others 
which, unskilfully attended, are liable at 
any moment to explode with destructive 
violence. 

The year 1870 has a most appalling 
record of death and destruction from 
boiler explosions, and it is time that the 
question of safety versus economy in the 
use of boilers should be definitively set- 
tled. The first step towards settling this 
question is the accurate determination of 
the real ratio of economy, in boilers ad- 
mittedly safe under all circumstances, to 
those admittedly unsafe. except when 
-_ with the best skill and fullest knowl- 
edge. 

The safe boilers are those known as 
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“sectional,” in which very great strength 
in proportion to rupturing strain is at- 
tainable, and which—even if, under enor- 
mous pressure, they explode—cannot ex- 
plode as a whole, but can only burst some 
minute portion of their structure. These 
boilers could, some of them, make a fair 
showing of evaporative power in propor- 
tion to consumption of fuel without forc- 
ing ; but in trials made to ascertain their 
steam-producing capacity, their exhibit- 
ors are apt to force them until they prime, 
and thus the amount of water passed 
through them becomes no index of their 
economical value as steam-generators. 
These boilers also present such an enor- 
mous heating surface in proportion to the 
water they carry, that in practical use 
they may be caused to prime by slight 
overfiring ; and with the ordinary care 
they get, it is little to be wondered at 
that it is an exception to find one of them 
delivering dry steam. 

Any boiler has a limit of steam genera- 
tion beyond which it cannot be pushed 
without priming ; and, on the other hand, 
any boiler has a limit of steam-produ- 
cing capacity below which it will deliver 
perfectly dry steam. The amount of dry 
steam per pound of fuel actually burned 
that boilers will produce from water at 
212 deg. Fahr. is the accepted standard 
of comparison as to their working econ- 
omy. Experiments made by myself have, 
however, shown that, in very few cases 
where boilers are thus tested, absolutely 
dry steam is delivered ; the amount of 
water contained in the steam being in 
one case, which I now call to mind, cer- 
tainly not less than 40 per cent. of the 
entire weight of mixed steam and water 
issuing from the boiler. This was, of 
course, an extreme case, in which the 
boiler was specially contrived, it would 
seem, to prime as much as possible. The 
evaporative power claimed for it by its 
sanguine inventor was 13 lbs. of water 
per lb. of coal consumed. All the 
way from this extreme up to absolutely 
dry steam, you may find boilers working 
if you will look forthem. Boilers pri- 
ming to the extent named, or even much 
less than that, are really unfit for service 
to supply engines with steam, and, I need 
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not say, are scarcely ever used for that 
purpose. But boilers often prime to a 
much greater extent than is suspected, in 
the absence of means to detect the exact 
amount of water mechanically carried 
over. 

A common method of testing the quality 
of steam is to pass the hand through the 
jet of steam escaping—a method so rade 
that it is really a disgrace to the science 
which has taught us that, with steam as a 
motor, everything may be reduced to 
mathematical certainty. I have known 
the estimate made by good judges to be 
10 per cent. from the truth in making 
this test. The appearance and feeling of 
steam differ with the hygrometric condi- 
tion of the atmosphere into which it 
rushes. On a clear, bright day, steam 
appears different from the same quality 
educted on a moist, foggy, and obscure 
day. 

The method I have employed for testing 
the quality of steam, and the instrument 
devised for the purpose, is based upon 
the fact that steam at 212 deg. always 
contains 1,178 heat units per lb. and 
water at 212 deg., 212 units of heat per Ib. 


It follows that, knowing the amount of heat 
issuing from a boiler in a lb. of mixed 
steam and water, the proportions of 
water and steam in the lb. can be easily 
determined. For, if « be used to repre- | in 


sent the water in lbs., and y the steam in 
lbs., a the quantity of mixed water and 
steam educted in lbs., and b the total 
number of units of heat carried out in the 
mixed water and steam, we may form the 
equations 
e+-y=a 
212 x + 1178 y=bd. 

from which we find the value of x to be x 
== {1178a—b] + 966; or, to drop alge- 
braic language, the amount of water con- 
tained in a given amount of mixed steam 
and water will be, in lbs., 1,178 times the 
weight of mixed steam and water, minus 
the number of units of heat it contains, 
divided by 966, the number of units of 
heat required to convert a lb. of water at 
212 deg. Fahr. into steam at the same 
temperature. 

To determine the amount of heat car- 
ried out by the mixed steam and water, I 
devised the following apparatus. A scale- 
beam with a platform, and a thickly felted 
water-chamber at one end, and a counter- 
poise at the other, has upon it a sliding 


| weight, indicating lbs. and } Ibs. 





The 
walls of the water-chamber are made of 
thin tinned sheet-copper ; there being 2 
shells, between which felting, 14 in. thick, 
is placed. A felted cover is also provided, 
through which is inserted a standard 
thermometer, having a large bulb and 
easily read in 5ths of degs. A finely- 
perforated coiled copper pipe rests upon 
the inner floor, and passes out at the 
lower part of the side wall of the cham- 
ber. This is the steam-induction pipe. 
The bottom of the chamber is obtusely 
funnel-shaped ; and from the lower part 
of the funnel is led out an escape-pipe. 
Both pipes are provided with cocks, 
A small funnel in the cover, also pro- 
vided with a cock, completes the appa- 
ratus. 

To use it, 5 Ibs. of water are placed in 
the chamber through the funnel in the 
cover. The water is then raised to 80 deg. 
Fuhr. by allowing a jet of steam—con- 
veyed through a felted pipe—to enter 
through the coiled induction-pipe. The 
surplus water thus added is drawn on 
through the escape-pipe at the bottom of 
the chamber, leaving in the chamber 5 
lbs. of water at 80 deg., containing 400 
units of heat. The sliding weight is then 
set along into the 54 lb. notch, and the 
steam to be tested is then allowed to flow 
till the scale-beam balances. Then the 
influx of steam is stopped, the thermo- 
meter is read, and the experiment is com- 
plete. 

Suppose, now, the resulting thermome- 
trical reading to be 180 deg. We then 
have 960 units of heat in the chamber, not 
counting in the amount absorbed by the 
thin copper lining—a very small amount 
indeed, and only noticeable theoretically; 
the general result is scarcely affected by 
its neglect. It follows that the amount 
of heat conveyed into the chamber in the 
Ib. of mixed steam and water is 960—400 
=560 heat units. Substituting this value 
for b in the above formula, we have (the 
value of a now being 3) [1178 — 560} — 
[966 X 2] which, reduced to hundreds, 
gives 31 +°.°.8; per cent. of water. 

This instrument, for want of a better 
term, I have called the “steam hygrom- 
eter.” ’ 

The standard quantity of water in the 
chamber, 5 lbs., the standard temperature, 
80 deg., and the standard quantity of 
steam admitted in the experiment, } lb., 
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are chosen merely as matters of conveni- | 
ence. It is evident that, for any system | 
of standards, the percentages for different 
resulting temperatures, between the mini- 
mum and maximum limits inclusive, may 


‘be computed and tabulated, so that, 
testing boilers, no calculation need i 
made; the percentage for any resulting 
temperature being taken at once from the 
table. 





HISTORICAL SKETCH OF THE CANALS OF CANADA.* 


Of the great arteries of this Continent | 
none surpasses the St. Lawrence in the 
length of its navigation, the volume of its | 
waters, or the fertility of the vast area of | 
country of which it forms the highway of | 
communication with the Atlantic Ocean. | 
Following it, not from its remote sources, 
but from Fond du Lac, at the head of Lake 
Superior, to the Straits of Belle Isle, the 
entire distance is 2,392 statute miles. In 
its course from Lake Superior to the sea, 
its volume is swelled by the waters of the | b 
Great Lakes, and smaller expansions, as re 
well as by numerous tributaries of no in- | 
significant sizeand importance. Between n 
Lakes Superior and Huron, it is known 
as the Ste. Marie; between Huron and St. 
Clair, as the St. Clair ; between St. Clair 
and Erie as the Detroit ; between Erie 
and Ontario as the Niagara. 

Below Quebee the breadth of this mag- 
nificent river increases until it is about 100 
miles at its junction with the waters of the 
Gulf. 

The importance of the St. Lawrence 
navigation has always been fully appreci- 
ated by the people of Canada, and large 
sums of public money have been wisely 
devoted towards the improvement of its 
facilities, not merely for internal and local, 
but for the ever increasing commerce of 
the basin of the Great Lakes. Not only 
has the channel of the river been deepen- 
ed and otherwise improved, but an expen- 
sive system of canals constructed to over- 
come the natural obstructions, and connect 
the Lakes with tide water. Steamers, and 
ships of large tonnage, can now proceed 
directly from the ocean to Quebec and 
Montreal, a distance of 986 miles. From 
Montreal, however, to Lake Erie the ca- 
pacity of the vessels is limited to the size 
of the canals, of which we propose now to 
give a brief historical and _ statistical 
sketch, before proceeding to state the 
conclusions at which we have arrived from 





* shetcent from the letter of the Canadian Canal Commis- | 
Sioners to the Secretary of State, 


the facts before us, and to show the im- 
'mense interests connected with the im- 
| portant question which has been submit- 
ted to the consideration of the Commis- 
sioners. 

The canals of Canada, now in operation, 
have been constructed for the purpose of 
improving the following routes of navi- 
gation : 

First—The St. Lawrence navigation; 

Second—The Montreal and [ingston, 

y way of the Ottawa and Rideau Canals; 

’ Third_—The Richelieu and Lake Cham- 

lain ; 

Fourth—The Bras D’Or Lake (in Cape 
Breton) and the Ocean. 


THE ST. LAWRENCE ROUTE. 


First in importance is the St. Lawrence 
system of canals, which commences at 
Montreal, and ends at the foot of Lake 
Erie. On this route the works are known 
as the Lachine, the Beauharnois, the Corn- 
wall, the Farren’s Point, the Rapide Plat, 
the Galops, and the Welland, and have a 
total length of 71 miles, with a total lock- 
age of 553 ft., through 54 locks. 

Lachine Canal.—Above the city of Mon- 
treal, now the head of the ocean naviga- 
tion of the St. Lawrence, are the rapids 
of St. Louis, perhaps better known as the 
Lachine Rapids; and, in order to sur- 
mount this natural obstacle the present 
Lachine Canal was suggested soon after 
the conquest of Canada, and in fact its 
necessity was earnestly urged before the 
passage of the Constitutional Act in 1791. 
No practical steps. however, were taken 
toward the construction of the canal till 
the year 1815, when the Legislature pass- 
ed a bill appropriating £25,000 in aid of 
its construction, at the recommendation 
of the then Governor General, Sir George 
Prevost. At that time its necessity in a 
military point of view was obvious to the 
military authorities ; and, no doubt, the 
work would have been immediately com- 
menced after the passage of the Act had 
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not peace ensued. Not until the year 
1819 did the project again come before 
the public, and then the Act of 1815 was 
repealed and another passed for the in- 
corporation of a Juint Stock Company, 
with a capital of $600,000, in $200 shares. 
This scheme also proved abortive, for on 
the 26th of May, 1821, a bill was passed 
through the House repealing the Act of 
Incorporation, and authorizing the Gov- 
ernment to construct the Montreal and 
Lachine Canal as a Government work. 
Commissioners were immediately appoint- 
ed to superintend and carry out the pro- 
ject, and on the 17th July of the same year 
ground was broken at Lachine. 

The British Government contributed 
£10,000 sterling, or $50,000, towards the 
accomplishment of the work, on the condi- 
tion that all military stores should pass 
free, and the Province paid the remaining 
expenditure on the canal, the whole cost 
of which, to the end of 1826, amounted to 
$438,404.15. 

The canal was opened for the passage 
of vessels in 1825. It was 28 ft. at the 
bottom, 48 ft. at the water-line, with 44 ft. 
depth of water ; with seven locks 10020 
ft. built substantially of stone. 

The canal, as first constructed, was very 
soon found to be inadequate to the re- 
quirements of commerce, especially of 
Upper Canada. When the project of 
uniting the Canadas became the great 
question of ths day, Lt.-Colonel Phillpotts, 
acting under the instructions of the Earl 
of Durham, reported in favor of an im- 
proved canal navigation, with locks 
throughout of the same dimensions as 
had been adopted for the Cornwall Canal, 
viz.: 200 ft. in length by 55 in breadth, 
and 9 ft. of water on the sills. Col. Phill- 
potts also proposed a new line for the 
Lachine Canal, and estimated the total 
cost of the suggested improvements at 
$1,5799720. After mature deliberation, 
however, as to the exigencies of the Lake 
trade, then in its infancy, it was decided 
to retain the old location of the canal, and 
to enlarge it to 200 ft. by 45 ft. for the 
locks, with 9 ft. of water on the sills; a 
width of canal 80 ft. at bottom, and 120 
ft. at water surface, the length remain- 
ing as before, 8} miles. During the 
alteration navigation was not discontinu- 
ed, for the new locks were constructed 
by the side of the old ones. 

In 1844, in the course of the progress 





of the improvements, it was decided, at 
the earnest solicitation of the mercantile 
community of Montreal, to deepen locks 1 
and 2 to 16 ft. of water on the sills, so as 
to admit the largest sea-going vessels then 
trading to Montreal, into the first basin 
of the canal. In the spring of 1848, the 
works were sufficiently enlarged to admit 
the passage of craft. It was not, however, 
till the month of May, 1862, that the canal 
was excavated to its full width, a very ex- 
pensive undertaking, as the cutting is 
through the silurian limestone for some 
distance inland. 

The present canal is of the following 
dimensions : 

83 miles. 

No. of Locks 

Dimensions of Locks............. 

Total rise of Lockage 

Depth of Water on Sills 

At 2 Locks 

At3 “* 

Breadth of Canal at bottom 

- ” Water surface... 

Beauharnois Canal.—The Beauharnois 
Canal was the inevitable sequence of the 
Lachine, and the improvement of inland 
navigation, and was built to overcome the 
rapids called the “Cascades,” “ Cedar,” 
and “Coteau,” occupying altogether a dis- 
tance of 7 miles, and to afford safe naviga- 
tion between Lakes St. Louis and St. 
Francis. 

In the earlier period of Canadian trade, 
the most sanguine commercial minds 
hardly appreciated the progress it would 
make before half a century had passed 
away. Four short canals gave facilities to 
boats carrying 30 barrels of flour for pass- 
ing from Lake St. Francis into Lake St. 
Louis. Several minor improvements were 
made in this part of the St. Lawrence 
navigation, according as the exigencies of 
business demanded, but by the year 1833, 
the question became of such pressing im- 
portance that the Government of Lower 
Canada appointed commissioners to con- 
sider all matters relating to the navigation 
of the St. Lawrence, between Lachine and 
Cornwall. Mr. Mills, the Engineer of the 
Commissioners, submitted several plans 
based on the dimensions adopted for the 
Cornwall Canal, and his report was refer- 
red to a special committee of the House, 
who approved of it, and recommended a 
grant of $960,000 towards carrying out 
its recommendations, which proposed, as 
the best plan, short canals at the three 
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rapids, and using the river between |for the others. As far back as the year 
them. | 1817, the Governor of Upper Canada, in 

This report, however, fell still-born, and | his speech at the opening of the Legisla- 
was followed by others, from Mr. A. Ste- | ture, called the serious attention of Parlia- 
venson in 1834, and Messrs. Stevenson & | ment to the important question of the 
Baird, in 1835, to equally little purpose. | navigation below Prescott. In 1818, a 
In 1834, Col. Phillpotts, before referred to, | joint commission was appointed hy the 
recommended a canal on the north side of | Government of Lower and Upper Canada, 
the river, for military reasons, though he | and reported in favor of improvement 
acknowledged at the same time that it| between Montreal and Lachine, between 
was probable one on the south side would | the head of Lake St. Louis and Lake St. 
cost less. | Francis, and also at the rapids above Lake 

It was not until the summer of 1842, | St. Francis. They recommended the con- 
that the contracts were entered into for | struction of canais of a limited capacity— 
construction nearly on the route proposed | not more than four feet deep; but no 
by Mr. Stevenson in 1834. definite legislative action took place on 

By the close of navigation in 1845, the | the subject until December, 1826, when a 
canal was opened, but it was then found | Report was laid before Parliament by the 
that its upper entrance was imperfect, its | Governor, showing the length of the pro- 
channel crooked, and not sufficiently deep | posed canals between Lakes Ontario and 
in dry weather, and impeded by cross | St. Francis, and their probable cost. The 
currents ; other difficulties also presented | question, however, remained in abeyance 
themselves, and in the course of years, up | until 1832, when the House of Assembly 
to a very recent date, dams, regulating | of Upper Canada passed measures appro- 
weirs and dykes have been erected at large | priating the sum of $280,000 for the im- 
expense to the country, in order to give | provement of the navigation of the St. 
the requisite facilities to the trade passing | Lawrence, so as to admit vessels drawing 


through the canal. Much difference of | 9 ft. of water, and recommending the im- 
© 


opinion existed at the time of the incep- | mediate commencement of such improve- 


tion of the work, and has continued down | ment between Cornwall and the head of 
to the present day with respect to the best | the Long Sault Rapids. One of the stipu- 
route of the canal—many persons contend- | lations of the Act was the completion of 
ing that for military reasons it should have | the Cornwall Canal before any of the 
been located on the north side—others | other proposed works, leading to Lake 
arguing that its natural position is where | Ontario, should be undertaken. In 1883, 
it is now situated ; but the Commissioners ! a commission was appointed for the pur- 
have no intention of going into this} pose of carrying out the provisions of the 
question. | Act, and Mr. Benjamin Wright was em- 
The following are the dimensions of this | ploped as engineer with authority from 
work at the presenj time : the Government of Lower Canada to make 
| the survey of the lower canals, on a scale 
ae ( | commensurate in all respects with those 
Dimensions of Locks.........+es« 200 feetx 15 | of the Upper Province. 
Total rise of Lockage $24 “ | Without going into unnecessary details, 
ae Page wath ple ect 80 it will be sufficient to mention that the 
“ re eaotepensinas. 000 engineers determined on locks 55 ft. wide, 
200 ft. long between the gates, with 9 ft. 
depth of water on the mitre sill ; canal 


11} miles. 


“ 
“é 
se 


Cornwall Canal.—The next canal which 


comes in natural order is that which ex- 
tends from the town of Cornwall to the 
village of Dickinson’s Landing, on the 
north shore of the river, to overcome the 
obstructions known as the Long Sault 
Rapids. From the sketches already given 
of the other canals, it will be seen that 
this work was actually the first in the 
series constructed on the present scale, 
and that its dimensions was the standard 


100 ft. wide at bottom, to admit the passage 
of steamboats; these would allow the 
passage of vessels 175 to 180 ft. long. 
That, for the improvements proposed at 
the four several places above the Long 
Sault, where vessels would only use the 
canals when going up, and run the rapids 
when going down, the breadth of the 





canals should be only 50 ft. at bottom. 
The suggestions of the engineers were 
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adopted by the Legislature, and commis- | The works were commenced in the 
sioners were subsequently appointed to spring of the ensuing year. 
superintend the works. The services of} The Galops Canal was constructed to 
Messrs. Wright and Mills were engaged | avoid the rapids at Point aux Iroquois, 
as engineers, as well as those of Captain | Point Cardinal, and the Galops, and is 
Cole, R. E., and Messrs. Geddes and | also on the north side of the St. Lawrence. 
Fleming. In 1834 the work was put| Mr. Benjamin Wright, as early as 1833, 
under contract, and the first sod cut with | reeommended the construction of canals 
considerable ceremony by the late Sir to avoid these obstructions, and Colonel 
John Beverly Robinson. | Phillpotts subsequently approved of his 
The rebellion, as well as financial causes, | plan, which was not, however, carried out. 
retarded the completion of the work for | In 1843, the Board of Works of the Uni- 
some years. The passage of the first} ted Provinces prepared a design which 
steamer, in December, 1842, through the | was adopted and carried immediately into 
locks, was the occasion of some ceremony, | effect. This design was the construction 
but it it was not until the month of June, | of a canal 3 miles long to avoid the Iro- 


1843, that the work was formally opened. | 

Since the completion of the works, sev- 
eral improvements have been authorized 
for the purpose of increasing the depth of 
water, and giving other facilities to vessels 
passing through the canal. At the pres- 


ent time the canal is of the following 
dimensions ; 


11} Statute miles, 
No. of Locks 
Dimensions 
Total rise of Lockage.... 
Depth of Water on Sills, 
Breadth of Canal at Bot- 


7 
200 ft. K55ft. 
48 a7 
9 “eé 


Breadth of Canal at water- 

surface 

The Williamsburg Canals.—We_ have 
now come to that series of canals known 
as the Williamsburg, viz: The Farran’s 
Point, Rapide Plat, and Galops Canals. 

The Farran’s Point Canal extends from 
the foot to the head of the rapids in that 
locality, on the north side of the river, and 
is only used, as a rule, by vessels coming 
up the river. 

Before the question of the Cornwall 
Canal was mooted, the construction of the 
work had been discussed, and some sur- 
veys made of the place ; but it was not 
until four years after the Union between 
Upper and Lower Canada, that the work 
was actually commenced. The canal was 
completed for traffic by October, 1847. 

The Rapide Plat Canal, the second of 
the series, extends on the north shore 


from Morrisburg to the head of the swift | 


current, and has been rendered necessary 
by the rapids from which it takes its name. 
Several reports were made respecting this 
work previous to the Union, but it was 
not until 1843 that the necessary surveys 
were made. 


quois Rapids, the use of the waters of 
the St. Lawrence for a distance of 23 
miles, and then the construction of an- 
other canal from the foot of the Galops 
Canal Rapids, 2} miles long. Both these 
canals were opened to the public in Sep- 
tember of 1847; but it was soon seen 
that the Iroquois Canal had not a suffi- 
cient depth of water for vessels ascending, 
and it was therefore found necessary to 
connect that work with the Galops. 

The Junction Canal, the name of the 
central section for a time, was finally 
completed in 1856, and the three works 
are now known under the one designation 
of the Galops Canal. 

The Welland Canal.—After leaving the 
| “ Galops ” we have to travel a distance of 
| 226 miles, partly by the river, but chiefly 
| by Lake Ontario, and then we come to, 
| perhaps, the most important part of our 
| canal system—the Welland Canal, which 
connects Lake Ontario with Lake Erie, by 
carrying the navigation around the fa- 
mous rapids and falls df the Niagara River 
The early history of this work shows what 
difficulties attended its commencement, 
and it is obvious that had not the public 
men of Canada become in time fully alive 
to the importance of the interests involved 
in its construction, the Welland would not 
have been built as soon as it was. It would 
be impossible within the limits proposed 
for this sketch to give anything like a full 
history of the obstacles that impeded for 
years the successful accomplishment of 
| this all-important outlet for the trade of 

the western country. 

As early as the month of February, 
1816, a joint Committee of both Houses 
'of the Parliament of Upper Canada re- 
| ported on this and other works connected 
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with inland navigation, and Colonel Nichol 
subsequently introduced a bill to appro- 
priate money for a complete survey of the 
best route of water communication be- 
tween Lakes Erie and Ontario, as well as 
between Lake Ontario and Montreal. No 
decisive action, however, resulted from 
this step, and we do not again hear of the 
project until two years later, when a Com- 
mittee of the House reported favorably 
on a petition from the people of Niagara 
(old Newark), and suggested the forma- | 
tion of a Committee to carry out the work. | 
In 1821 a Commission was appointed to | 
consider the subject of Inland Navigation, | 
and it reported in 1823 in favor of con- | 
structing the Welland of such dimensions | 
as would accommodate the class of vessels | 
then navigating the lakes. The result of | 
this report was the incorporation of a 
private company, on the petition of W. 
H. Merritt and others, in 1824, under the 
title of the Welland Canal Company, who 
proposed to establish the necessary com- 
munication by means of a canal and rail- 
way. They intended running up the na- 
tural waters of the Welland River, and to 
pass across the township of Thorold, tun- 
nelling through the high ridge of land 
about a mile and a half, and then proceed- 
ing directly by a canal to the brow of the 
high land ; then a railway was to descend 
the high land, and connect by means of 
another canal with the navigable waters 
of Twelve Mile Creek, so as to afford the 
required egress to Lake Ontario. The 
canal portion was to be of capacity suffi- 
cient to accommodate boats of not less 
than 40 tons burden. 

Public meetings were called, surveys 
made, and other steps taken to excite 

ublic opinion in favor of the undertaking; 

ut it will show how little interest was 
taken, when we mention the fact stated in 
an official document, that at the ceremony 
of breaking the ground, on the 30th No- 
vember, 1824, not half a dozen gentlemen 
of capital or influence in the district at- | 
tended. By 1825, the former scheme was | 
considered objectionable, and a new one 
adopted for the admission of schooners 
and sloops. It was determined to have | 
the entrance at the mouth of the Creek or 
Port Dalhousie, and the upper terminus 
at the Welland River, from whence the 
supply of water for the canal was to be 
drawn. It was also contemplated, at an | 
early day, to establish a communication ' 








between the Welland River and Lake 
Erie, so as to avoid the impediments to 
navigation below Fort Erie. It was pro- 
posed to have wooden locks 110 ft. in 
length by 22 ft. in breadth, the cross sec- 
tion with 26 ft. at bottom and 58 ft. at the 
surface of the water, except through the 
deep cut, which was to be only 15 ft. wide 
at bottom; for two miles the depth of 
water was to be 8 ft. 

In the summer of 1825, the Company 
set to work to carry out their project 
with an ostensible capital of $800,000, and 
their history thenceforth was one of 
financial embarrassment. 

In 1826 they obtained a loan of $100,- 
000 for three years from the Upper Ca- 
nadian Government, and a promise of a 
contribution of one-ninth of the estimated 
cost from the Imperial Government on 
certain conditions—the locks to be 22 ft. 
wide and all property of that Government 
to pass free. In 1827, the Government 
of Upper Canada took stock in the under- 
taking to the amount of $200,000, and the 
Government of Lower Canada to the ex- 
tent of $100,000. The Imperial authori- 
ties gave a grant of 13,000 acres of land in 
the vicinity of the canal, and subsequent- 
ly gave a loan of $200,000 for ten years at 
4 per cent. interest. In 1828, a slide of 
earth occurred in the excavation of the 
Deep Cut and added greatly to the em- 
barrassments of the Company, for it ob- 
liged them to abandon the Welland River 
asa feeder. The Company finally adopt- 
ed the Grand River as a new feeder, and 
carried on the works with considerable 
energy, for water was let into the canal in 
the fall of 1829, and in the month of No- 
vember,exactly five years after the time the 
works had been commenced, two schoon- 
ers, one of 85 tons burthen, the other of 
smaller size, ascended the canal from 
Lake Ontario to the Welland River. Then 
the Company, having accomplished so 
much, thought it an opportune time to 
seek further aid from the Government, 
for the purpose of carrying out the work 
to completion. They prayed the Legisla- 
ture to grant $100,000 and to allow them 
to increase the Capital Stock to $1,200,- 
000; and after considerable discussion, 
the vote in favor of the project was car- 
ried by very narrow majorities. Subse- 
quently the Company proposed to extend 
the main line of canal over the Welland 
river to Port Colborne (Gravelly Bay) by 
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enlarging about 5 miles of the feeder and 
excavating a new canal for the remaining 
distance to the Bay. 

In 1831, the Government approved of 
this project and granted a loan of $200,000 
for the completion of the work, which 
was immediately commenced, and com- 
pleted in 1833. At this time, the canal 
occupied nearly the same site as the 
present one, but the locks were of small 
dimensions and exclusively of wood. 

No works of importance were construct- 
ed on this canal until after the union of 
the two Provinces. In 1837, the Govern- 
ment took the step of converting all its 
loans up to that time into stock, and was 
authorized to subscribe $980,000 new 
stock. The capital stock of the Company 
was declared to be $1,195,200, and the 
Directors were limited to an expenditure 
of $400,000 during the year. In 1839, an 


Act was passed in Parliament by a vote of 
26 against 9 to authorize the Government 
to purchase all the private stock, so that 
the work should become public property; 
but no steps were taken, in consequence of 
financial difficulties, to carry out that de- 
sign, until 1841, when the works were 


placed under the control of the Board of 
Works. The total expenditure by the 
Government on the canal, amounted at 
that time to $1,851,427.77; but as the work 
was inadequate to the requirements of 
the trade, it was decided to enlarge the 
canal, but not to the full extent proposed 
iby Col. Phillpotts in 1839, viz: Locks 
| 200 ft. long by 55 broad. It was, how- 
| ever determined to rebuild all the locks 
with stone, 12024 ft, with 8} ft. of 
water on the sills; that the aqueduct 
should also be rebuilt with stone; that the 
feeder should be converted into a naviga- 
ble canal ; that the harbors of Port Dal- 
housie and Port Colborne should be im- 
proved ; that the two first locks at Port 
Dalhousie, and the one at Port Colborne, 
should be 28045 ft. with 9 ft. of water 
on the sills; and finally that the Port Mait- 
land branch should be undertaken and 
completed with an entrance lock from 
Lake Erie 20045 ft., with 9 ft. depth. 
Henceforth the progress in the improve- 
ment of the works was systematically and 
successfully conducted, until the canal 
reached its present condition, of which 
' the following statistics afford an idea : 














Main Line from Lake 
Ontario to Lake Erie. 


Port Maitland 
Branch. 


Grand River 
Feeder. 


Welland River 
Branches. 





Length of canal 27 miles and 1.099 feet 


Pairs of guard gates 8 

Number of locks 27 lift locks 

2 of 200 X 45 feet. .) 

\24 of 150 x 26}4 feet - 
1 of 230 x 45 feet..) 

330 feet 
2x 8 = 16 Grand R 
level. 


Dimensions of locks 


Total rise of lockage 
Total lockage............ 


Depth of water on sills 


10% 
Total cost to Ist July, 1867 $7,638,239 83 





1150 x 263¢ feet... { 





' 

Port Robinson Cut to 21 miles 1x miles. 
Welland R., 2,622 feet 
Welland Canal to Wel- 
land River—no_ lock 
at Aqueduct, 300 feet 
Chippewa Cut to Nia- 
gara R., 1,020 feet. 


1 at Aqueduct and 1 
at Port Robinson, 2. 2 
1 of 150 x 2634 ft. 


1 of 200 x 45 feet. . 


1 
} 185 > 45 ft. 


7 to 8 feet 834 feet. 


From Welland Canal 
down to Welland Ri- 
ver, 17 feet. 


9 feet 10 in 11 feet. 


10% feet 











Burlington Bay Canal.—Another work 
which may be considered to form a part 
of the St. Lawrence navigation, is the 
Burlington Bay Canal, which enables 
vessels to reach the city of Hamilton from 
the Lake. It is simply an open cut across 
a sand bar at the entrance of Burlington 
Bay ; it is half a mile long, with an aver- 


| age breadth of 138 ft. between piers, and 
|is navigable for vessels drawing 12 ft. of 
water. On the 19th of March, 1823, a 
bill was passed in the Legislature of 
Upper Canada authorizing the construc- 
tion of this work, which was completed by 
1832. 
The Canadian system of canals connect- 
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ing the Lakes with the St. Lawrence, ends 
with the Welland. At Sault Ste. Marie, 
however, the Americans have constructed 
a canal 1),mile in length, with locks ca- 
pable of allowing the passage of vessels 
of 2,000 tons. In this way the trade of 
Lake Superior finds its outlet to Buffalo 
and other ports on Lake Erie. The 
Americans have also improved the navi- 
gation through Lake George and over the 
St. Clair Flats. 


THE OTTAWA AND RIDEAU ROUTE. 


We shall next refer to the second part 
of the canal system of Canada, viz., the 
works between Ottawa and Montreal, and 
between Ottawa and Kingston, which may 
now be considered as feeders to the trade 
of the St. Lawrence. 

In the Annual Reports of the Depart- 
ment of Public Works the line of naviga- 
tion which these canals facilitate is given 
as the “Montreal and Kingston via Ottawa 
and Rideau Canals.” These canals are 


called the “Ste. Anne,” or rather the 
“Ste. Anne Lock,” the “Carillon,” the 
“Chite 2 Blondeau,” the “ Grenville,” 
and the “ Rideau,” and have a united 
length of 142% miles, inclusive of the 


Lachine. 

The Ste. Anne Lock was constructed 
for the purpose of enabling vessels to 
pass the rapids of the same name, situated 
at the junction of the Ottawa with the 
St. Lawrence. The work was recommend- 
ed by the Legislature of Lower Canada, 
as far back as 1831, and reported upon by 
Col. Duvernet, R. E.; but various causes 
contributed to prevent the commencement 
of the work until the 18th May, 1840, by 
the Board of Works. By the end of June, 
1843, boats were able to pass through the 
canal, and the work was completed finally 
in the autumn of the same year. Since 
that year, various improvements have 
been made in the work. 

Next in order come the Ordnance or 
Military Canals, known as the Carillon, 
the Chute 4 Blondeau, the Grenville, and 
the Rideau. The Carillon is distant 27 
miles from Ste. Anne, and was constructed 
on the north side of the Ottawa River, to 
avoid the “Carillon” Rapids. It was pro- 
jected in 1819, and subsequently complet- 
ed under the direction of the “ Royal Staff 
Corps,” and at the expense of the British 
Government. 

The Chite 4 Blondeau lies on the north 





side of the river, 4 miles above Carillon, 
and is constructed through solid roek to 
avoid the rapids from which it takes its 
name. It was also designed at the same 
time as the Carilion, by the Royal Staff 
Corps. 

The Grenville follows the Chite a 
Blondeau, 13 miles further up, and lies 
also on the north side of the river, with 
the object of surmounting the rapids 
known as the Long Sault. Its history is 
that of the two previously mentioned 
works. So far as the records go to show 
the Grenville was the last work complet- 
ed ; but the first passage through all of 
them was not made until the latter part 
of April, 1834, when the steamer St. An- 
drew’s passed through them. 

The Rideau Canal extends from Ottawa 
City to Kingston, and makes the Rideau 
and Cataraqui navigation available for 
craft of a certain depth of water, for a 
distance of 1263 miles. 

The necessity for the construction of 
such works was seen during the war of 
1812, and in the year 1815, Capt. Jebb, of 
the Royal Engineers, was sent by the mili- 
tary authorities to examine into the prac- 
ticability of finding a satisfactory route. 
This gentleman reported favorably on the 
project, but no decisive action was then 
taken in reference to it by the Imperial 
Government. In 1824, they offered a loan 
of $340,666.67 towards the construction of 
the canal, and Mr. Clowes was thereupon 
instructed by the Upper Canadian Com- 
missioners appointed previously on the 
question of Inland Navigation, to make a 
survey of the proposed work. 

He submitted 3 plans, and in 1825, the 
committee to whom his report was sub- 
mitted, recommended the adoption of the 
one with 5 ft. of water. The Government 
of Upper Canada, however, on full con- 
sideration, declined to construct the work, 
as they believed the improvement of the 
St. Lawrence navigation was best calcu- 
lated to promote the commercial interests 
of the country, and that the accomplish- 
ment of the work should devolve on the 
Imperial Government, if it was necessary 
chiefly for military reasons. 

Accordingly the Imperial Government 
sent out a Commission of Royal Engineers 
to report on the work, and subsequently 
determined to construct it. In the autumn 
of 1826 Col. By, R. E., arrived from Eng- 
land, and immediately commenced the 
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construction of the works, Sir John Frank- 
lin laying the foundation stone. The 


works were completed in the spring of 
1832, and the steamer ener’ galel 
through from Bytown to Kingston. 

Length of canal 


Number of locks 
Total lockage 


RICHELIEU CANALS. 


The third series in the canal system of 
Canada is that which has been construct- 
ed to connect the St. Lawrence with the 
Hudson via the Richelieu and Lake Cham- 
plain. The Richelieu river is situated 46 
miles below Montreal, and 114 miles above 
Quebec. The obstructions to its naviga- 
tion are removed by a canal at St. Ours, 
14 miles from its mouth, and by another, 
32 miles further up, known as the Cham- 
bly Canal. The route is thence free from 
difficulties for the remainder of the river 
Richelieu and Lake Champlain, at the 
head of which the Americans have a canal 
properly called the Whitehall Canal ; by 
means of this and a small portion of the 
Erie Canal, boats are enabled to reach the 
Hudson at Albany, 311 miles from Mon- 
treal. 

The Chambly Canal was suggested, like 
most of the Canadian canals, after the 
experiences of the American war of 1812. 

The Chambly Canal lies on the west side 
of the Richelieu, extending from Chambly 
basin up to St. John, 12 miles. On the 
appointment of the Commissioners in 
1829, they ordered the necessary surveys 
to be made, and 2 years later the work 
was regularly placed under contract for 
the gross sum of $184,872, but the con- 
tractors were obliged to suspend on 
account of having taken the work at too 
low arate. Considerable progress, how- 
ever, had been made in the construction 
of the canal, and when the state of affairs 
had been reported to the Legislature, a 
bill was passed through the Houses, in 
1835-36, granting the requisite funds, 
but it also failed to receive the royal as- 
sent. During the ensuing year the want 
of funds continued to be the difficulty, 
and r aon not until 1841 that the work 
was taken energetically in hand by the 
Board of Works. d i 

The canal was opened two years later, 
but the work was found to be in a very 
unsatisfactory condition, and at last, in 


1858, it had to be renewed to a large ex- 
tent. 

The Saint Ours lock and dam was com- 
menced in 1844 under the Board of 
Works, and was completed in 1849. 


ST. PETER’S CANAL. 


The only canal in actual operation in 
the Maritime Provinces is that which 
connects the Bras D’Or lake of Cape 
Breton with the ocean. The width of the 
isthmus separating the sea from the lake, 
which is a noble ‘sheet of water, abound- 
ing in fish, and surrounded by a country 
rich in mineral and agricultural resources, 
is only $a mile. The project of canalling 
it was mooted at an early date by the re- 
presentatives of Cape Breton in the Legis- 
"lature of Nova Scotia. In 1821, a survey 
was made by Mr. Francis Hall, and other 
surveys by Mr. C. W. Fairbanks, and 
Captain Barry in subsequent years. The 
design of the latter, for a canal 22 ft. wide 
at bottom, and 13 ft. deep, was adopted, 
and the work commenced on Septem- 
ber 7th, 1854, and continued until 1858, 
when Mr. Laurie, then Chief Engineer of 
the Province, made an unfavorable report 
as to the probable remunerative results of 
the work, and suggested a marine rail- 
way as the best means of accommodating 
the trade of the locality. The works were 
then suspended for some time, but the 
Cape Breton representatives continued 
urging the necessity of the undertaking, 
and the construction of the canal was 
resumed in 1864. The St. Peter’s Canal 
was among the public works handed over 
to the Dominion in 1867, since when the 
work has béen completed ; and is now 
2,400 ft. long ; with a breadth of 26 ft. at 
bottom; with one tidal lock, 26 by 122 ft., 
and 4 pairs of gates. The depth of water 
in sills, at lowest water, is 13 ft.; the ex- 
treme rise and fall of tide in St. Peter's 
bay, being about 9 ft. 

Projected Canals.—Besides canals in 
operation, several others have been pro- 
jected of recent years, with the avowed 
object of affording greater facilities for 
the trade of Canada. 

Prominent among these schemes is what 
is generally known as the Toronto and 
Georgian Bay Canal. The distance be- 
tween its Southern terminus, in Humber 
bay, of Lake Ontario, and its Northern 
terminus, in Georgian bay, of Lake Hu- 
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ron, is 100 miles, of which 24 are deep 
water navigation, through Lake Simcoe, 
which is to be the summit level and feeder. 
Nearly 20 years ago Mr. Kivas Tully made 
the first exploration of the line of the 
proposed canal, and of late years the pro- 
ject has been energetically advocated by 
gentlemen in Toronto and elsewhere, in- 
corporated as the “ Huron and Ontario 
Ship Canal Company.” 

Another scheme is that for the con- 
struction of a branch canal from the town 
of Niagara to connectwith the Welland 
at Thorold. Mr. Walter Shanly reported 
favorably on the project in 1854, and 
during the last Session of the Legislature, 
a bill was passed for the incorporation of 
the Ontario and Erie Ship Canal Ccm- 
pany, from the waters of Niagara river, 
at or near Fort George, in Niagara, thence 
to Thorold, and thence to the waters of 
Lake Erie, at or near Port Colborne, or 
the Niagara, at or near Chippewa ; locks 
to be the size of the Cornwall Canal. The 
capital, $8,000,000, in shares of $100, with 
power to borrow to the extent of unpaid 
capital. The work to be commenced 
within 2 years, and finished within 5. 

The Murray Canal was advocated as far 
back as 1797, when a resolution was for- 
mally adopted by the Lt.-Governor in 
Council for the reservation of 3,000 acres 
of land in favor of the construction of the 
work. The necessity of the work has, 
since then, been frequently brought befure 
the Legislature, and surveys of the route 
were made. As late as July, 1866, a com- 
mittee of the House of Assembly of Can- 
ada authorized another survey, which was 
made, 

The Caughnawaga Canal is another 
scheme which has been earnestly advo- 
cated for some time past. It was first 
prominently brought before the public by 
Messrs. John Young, L. H. Holton, and 
other merchants of Montreal in 1847, and 
in answer to their petition the then Gov- 
ernor-General, Lord Elgin, instructed 
Mr. J: B. Mills, C. E., to make a survey. 
In 1848, this gentleman reported in favor 
of a canal having the upper terminus at 
St. John, and the St. Lawrence terminus, 
near the village of Caughnawaga, imme- 
diately opposite Lachine, about 8 miles 
above Montreal. In 1852, the Commis- 
sioner of Public Works strongly urged 
the construction of this canal, and subse- 
quently other surveys were made and 





reported upon, but no Government action 
was ever taken on the subject. Other 
gentlemen, especially the Hon. John 
Young, however, kept the scheme promi- 
nently before the public, and in the last 
Session of Parliament a bill was passed 
incorporating a number of gentlemen into 
a company to build the Caughnawaga 
Ship Canal, from Lake St. Louis in the 
St. Lawrence to Lake Champlain, on the 
Richelieu, with power to use and enlarge 
the Chambly Canal, with consent of the 
Government, who may, however, at any 
time assume the whole work—the locks 
not to be of less size than those on the 
Beauharnois Canal. The capital stock 
$3,000,000, with power to increase to 
$4,000,000, in shares of $100. The canal 
to be completed within 5 years, or charter 
forfeited. 

One of the most important schemes 
which have been brought before the pub- 
lic of late years is undoubtedly the Ottawa 
Canal, to connect Montreal with Lake 
Huron, via the Ottawa river, Lake Nipis- 
ing, and French river. The route was 
examined by two engineers, first in 1857, 
and afterwards in 1859, and their reports 
are found in full in the reports of the 
Department of Public Works. The sub- 
ject has been frequently before Parlia- 
ment, but no definite steps ever taken to 
carry out the project. 

Another canal which has come promi- 
nently before the public of late years, is 
what is generally called the Bay Verte 
Canal, to connect the waters of the Gulf 
of St. Lawrence, at Bay Verte, with those 
of the Bay of Fundy, at Cumberland 
basin, by cutting across the Isthmus of 
Chignecto, uniting Nova Scotia with New 
Brunswick. In 1825 a survey of the route 
was made by Mr. F. Hall at the instance 
of the Lieutenant-Governor of New Bruns- 
wick. At a later date, Mr. Thomas Tel- 
ford, C. E., revised the report of Mr. 
Hall, and suggested a canal with a depth 
of 14 ft., with a view of accommodating 
the large trade that must accrue especially 
with Quebec, Montreal and the Upper 
Lakes. In 1843, Captain Crawley made 
another survey—Canada paying a portion 
of the expense. A survey of the line is 
now in progress at the instance of the 
Dominion Government. 





Exas is better timbered than any other 
State. 
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THE PLACE VENDOME COLUMN. 


From ‘‘The Engineer.’’ 


On the 18th February, 1805, Mr. Pitt 
demanded of the House of Commons five 
millions—“ required for continental pur- 
poses”—and in July a still larger sum 
was voted him, the object being the estab- 
lishment of a coalition of the German and 
Russian powers against Napoleon, who, 
practically master already of the Conti- 
nent, was watching his chances of inva- 
ding our own island. The news that the 
coalition was formed, reached the great 
leader the same month, and, with the un- 
erring insight and electric rapidity of 
decision that formed such great elements 
in his mighty successes, he instantly broke 
up his camps, turned his back to our 
shores, and, by the 9th of September, had 
invaded Bavaria. On the 25th of the 


same month six marshals of France, with 
as many army corps, crossed the Rhine, 
and rapidly penetrated Central and South- 
ern Germany, gradually concentrating 
towards Napoleon. Within thirty-six days 
from setting out from Boulogne, he had 


struck the first effective blow at Donau- 
werth on the Danube. On the 20th Octo- 
ber Mack capitulated at Ulm, and about 
40,000 Austrians and Germans were made 
prisoners, leaving the way to the heart of 
Austria almost open. At 3 o’clock in the 
early afternoon of a clear and sunlit win- 
ter’s day, the 2d of December, 1805, the 
Battle of Austerlitz had been fought and 
won, 40,000 Austrians and Russians were 
hors de combat, and 266 guns remained in 
the hands of the victorious Emperor. The 
coalition for which Pitt had labored was 
broken up ; the subsidies, then viewed by 
Englishmen, and justly, in proportion to 
the then existing national wealth and bur- 
dens,as a vast sum—though such as malad- 
ministration now wastes in a few months— 
had been lavished in vain, and the heart of 
the great patriot and statesman, Pitt—the 
pilot whose policy in the end, however, 
did really enable us to weather the storm 
—was broken. 

_ Prussia had never heartily and honestly 
joined the coalition, and reaped the fruits 
of her double dealing before long; her 
king, who had so far played “cat in pan,” 
at once hastened to offer his felicitations. 
“Voila un compliment,” said Napoleon, 


“dont la fortune a change l'addresse ;” con- 





tempt was enough for the present, ven- 
geance was to come, and the victor 
marched to complete his marvellous cam- 
paign of only ten weeks at Schénbrunn. 
Austria was humbled and crushed, Rus- 
sia checkmated, and Prussia in crouching 
dread of what should follow. Early in 
1806 the Emperor was back at Paris, and 
decreed that 1,200 bronze guns captured, 
should be devoted to the erection of a 
bronze-covered column, after the style of 
that of Trajan, at Rome—erected there by 
his architect, Apollodorus, to mark the 
site of the hill of equal altitude, 110 ft., 
which had been removed to make way for 
Trajan’s Forum—which should stand as a 
perpetual memorial of those great deeds 
of France, and of its army and imperial 
leader. And this is the monument that 
France and her marshals and army,.the 
Government for the time, and the citizens 
of Paris, have proved powerless to pre- 
vent being destroyed by the very dregs of 
the capital—still by Frenchmen’s hands— 
and whilst the conquering German still 
treads their soil. The grand column is no 
more now than a dusty and ragged stump 
of a few feet in height above its plinth, 
and its spiral rings of recorded triumphs, 
and the statue they bore of the genius 
that compassed them, lie shattered upon 
the ground to which they were dragged 
down, after some rings of the bronze spi- 
rals had been removed, and the stone core 
sawn through to facilitate the fall. It is 
not our part to moralize or descant upon 
the events that produced, or those that 
have permitted, this senseless destruction 
of the column; but while the event is still 
fresh our readers will, no doubt, like to 
have some particulars as to the circum- 
stances of its construction and erection. 
The chief portion of what we are about to 
state is scarcely known to the British 
public, and even in France is known to 
but few, and these of a generation fast 
passing away. We have been fortunate 
enough to obtain drawings of the original 
foundry and apparatus employed in cast- 
ing the bronzes. 

The execution of the decree for the 
erection of the column nominally devolved 
on the Minister of Public Works. A com- 
mission, of which the celebrated Dénon 
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was the head, became the actual authori- | with an allowance of 10 per cent. for waste 
ties, MM. Gondouin and Lepere being the in casting, were to be delivered to-him, 
professional members of it, the first as arch- | and also the models in plaster for the 
itect, the second as sculptor. M. Jacques | castings, which were to be in duplicate 
Gondouin died at Paris in 1818, at the | where he should so require. De Launay 
age of 81. He had been a pupil of Blon-| was an iron founder far from wanting in 
del, and was, prior to the great Revolu- | ability. It was he who made the castings 
tion, an eminent architect of the grand | and iron work of the bridge of Austerlitz, 
but heavy style of Louis XIV., and with and of the Pont des Arts at Paris, and he 
vast practice. But the Revolution fell | had produced the design and model for 
heavily upon the favorite architect of the the then very large iron dome roof of the 
noblesse, and it wes only under the Empire | Halle au Bile, to replace that of timber 
that he began to recover his lost position, | which had been burnt, and which, with 
when already a very old man. He had | slight alteration, was carried out by the 
been the architect, amongst other large great architect, Rondelet. It is also upon 
works, of the ‘ole de Medicine in the | official record ‘that it was he who devised 
(Quartier Latin, the great theatre of which, | the method of melting silver in cast-iron 
holding 1,200 ‘pupils, is a model of what in place of clay crucibles, long employed 
such a room should be. }in the French mint and until very re- 
Dénon was known as an archeologist | cently in our own. He was, at a subse- 
and man of letters and taste, and actual | quent period, also author of a small work 
editor of the great national work on Egypt, | on founding in various metals—of little 
having been one of the savants who had | | merit, however. He had had no experi- 
accompanied General Bonaparte in his | ence whatever previously in either melt- 
expedition there. Lepere had acquired | ing or moulding bronze, but he was full of 
a considerable professional reputation. | energy and intrepidity —even rashness—— 
None of the commission seem, however, | and this seems to have been well shared 
to have been good men of business ; and | with him by the commission of directors. 
adopting the same procedure which had a| He was, however, undoubtedly a man of 
few years before been so disastrously em- | much original resource and conception as 
p'oyed with respect to the monument to|to methods of moulding, and it was no 
Dessaix, got into very much the same sort | doubt in a too fond reliance upon these, 
of difficulties. The modelling of that |and upon plans for avoiding much of the 
monument having been finished, the cast- | cost of bronze moulding by previously 
ing of it was set up to public competition, |employed methods, that he made his low 
and a small bell founder got the contract; | offer which had been accepted by the di- 
and in the end—for we cannot pause to/| rectors. These methods De Launay ac- 
recount details—in place of casting it all| tually carried out--we can scarcely say, 
in one piece, he cast it in pieces which ill | with complete success—though his chief 
fitted to each other. The production of| disasters arose from quite a different 
the bronzes for the column was in the | quarter. 
same way set up to competition, and an| He constructed reverberatory furnaces 
iron-founder, named Launay or DeLaunay|at the foundry—now fitted with new 
—he so signs himself—got the contract. | | cranes, ete. —for the fusion of the bronze; 
He undertook to mould and cast all the | but these were proportioned from his iron- 
pieces at the absurdly low price of one | founding experiences only, and proved 
franc per kilogramme, or at about 5d. per | splendid oxidizing furnaces, and with in- 
pound, which ‘included the dressing of the | sufficient beds or “pools” and a cutting 
bronze castings, the chiselling or chasing | | draft that swept away the zinc, tin, and 
of the east surfaces wherever necessary, ; lead at a rapid rate. Upon his demand 
and the fixing them in place. The other | the 1,200 guns were delivered over to him 
chief conditions were, that the founder | and stacked at the foundry, and an early 
was to have at his disposal the foundry | proof of his rashness was afforded in that, 
constructed by the Municipality of Paris | to raise money, he at once sold or hypo- 
for the production of the grand equestrian | thecated the greater part of the 10 per 
statue of Louis XIV., a certain sum for | onal of the bronze allowed him for 





supplying it with additional plant, ma | 


the necessary quantity of bronze guns,! M. Darcét, well known as a chemist, by 
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his researches on alloys and other mat- 
ters of technical chemistry, and then met- 
allurgical director at the Mint of Paris, 
who appears to have been consulted in 
some way by the commission, foreseeing 
what a mess might be made of the bronze 
by improper treatment in melting, wheth- 
er through ignorance or with fraudulent 
intent, strongly advised the director, Dé- 
non, to have the bronze of the guns hand- 
ed over, analyzed, and its mean composi- 
tion fixed; also that some preliminary 
melting and moulding trials should be 
made, and the constitution of the result- 
ing bronze castings determined, so that 
something like uniformity of alloy for all 
the castings of the column should be se- 
eured; and also*that such methods of 
moulding should thus be arrived at and 
fixed upon as should insure a fine face to 
the castings, requiring little or no chisel- 
work afterwards at the hand of the chaser, 
and so that the eminent sculptors or mod- 
ellers employed under Lepere upon the 
original models, should not hesitate to 
attach their names to the castings from 
their respective works. But true science, 
and the prudence she dictates, as so often 
happens, spoke in vain. The question of 
whether the guns should be assayed or 
not was referred to the decision of the 
founder himself by the commission ; and 
De Launay, either seeing the possible ad- 
vantages of leaving that point in the dark, 
or in pure ignorance, replied that “He 
did not need to be better informed than 
the administration, and saw no use in any 
analysis.” So he set to work, and wheth- 
er from vanity or a wish to impress his 
workmen, who proved for a long time very 
rebellious to his novel methods for mould- 
ing artistic bronze, involving wide depart- 
ures from the time-honored processes 
which were traditional with them, he at- 
tempted at the first, several of the very 
heaviest castings of the plinth and base of 
the column, and with most of these it is 
said—with several it is certain—made 
complete failures, resulting in a serious 
loss in bronze, and alteration in its alloy, 
when thus requiring to be melted twice 
over. However, his method for moulding 
in dry sand all parts of the work—of 
which we shall presently write—had the 
advantage of great rapidity of execution 
as compared with the ancient modes, and 
the work soon went on apace, or, as we 
might more truly say in the vernacular, 


“ram stam.” His furnaces, improperly 
constructed from the outset, and worked 
without skill and method, seldom gave 
two yields of metal alike; often the prod- 
uct was little more than red copper, the 
tin, the lead, and the zinc, having been 
oxidized out and raked away with the 
scorie, and often these had to be remelted 
with fresh tin or lead added, obtained by 
smelting operations conducted on the 
scorize themselves. The chasers and sculp- 
tors complained of the utter want of uni- 
formity in the bronzes, as well as of the 
bad quality generally of the castings; but 
the work was permitted to go on until 
about two thirds of the total height of the 
spiral ribbon of relievos had been deliv- 
ered, when De Launay found that he had 
scarcely any more material left wherewith 
to complete the work. His attempts now 
to smelt and return to use the mixed met- 
als of low fusibility of the scoriz resulted 
in the production of castings full of air- 
bubbles, and with segregated stains of 
lead ; and the clever but rash man—ac- 
countable for all the material and for the 
completion of his contract—found him- 
self, as it is commonly called, “ruined.” 
And now at last M. Déuon and his collabo- 
rateurs were compelled to do what M. 
' Dareet had advised at the outset. A com- 
| mission of two chemists, two architects, 
; two mechanicians, and two founders, pre- 
sided over by an auditor of the Imperial 
| Council of State, was appointed to inves- 
i tigate the whole matter and to examine 
the contractor’s accounts. Their first act 
was to call for assays of the guns delivered 
over to, and of the bronze castings deliv- 
ered by, the founder; but these were not to 
be had. The weight of each piece deliv- 
ered by the founder was known ; by tak- 
ing specimens from all these in weight 
| proportional to their weights, they ob- 
, tained on analysis a mean assay for the 
| whole of the column so far as completed ; 
,it gave as in No. 1: 





No 2. 
Copper 81.360 
| Tin af -» 10.040 


| = vs eereeeeeteeeeeeene 0.102 
0.498 


Silver, zinc, and iron...... 0.047 


100 160 


| The like process gone through for the 
guns remaining unmelted gave a mean 


| composition as in No. 2. It was obvious 
then that vast quantities of tin and zinc 


had been lost, and that very considerable 
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amounts of lead had been surreptitiously 
added in the meltings. Such, however, 
had been the irregularities of the earlier 
proceedings, that the commission was un- 
able legally to make the founder ame- 
nable, and had, on the contrary, to admit 
that he had delivered an alloy richer in 
the more precious metal—copper—than 
that he had received. The extreme dis- 
crepancies in constitution between the 
castings was found analytically to be as 
much as from 6 per cent. to only 0.21 per 
cent. of the alloying metals, and in fact up 
to the date of its fall the difference in 
color and in patina between the castings 
were discernible by any technical eye. A 
curious contemporaneous contrast to this, 
as showing the difference between the 
rash “ practical man” without science, 
and the combined effects of science and 
practice together, we cannot omit to men- 
tion. The guns taken in 1805-6 were so 


numerous that the French scarcely knew 
what to do with them. The huge bodies 
of the great screw and fly stamping presses 
of cast iron in the Mint had frequently 
broken, causing great inconvenience, and 
M. Darcét was given bronze guns enough 
to cast from them anew all these press 


bodies. They were cast in the Mint, and 
are there now, polished all over, without 
flaw or blow-hole; and M. Darcet had 
the satisfaction, when done, of presenting 
to his Government a report supported by 
analysis, and proving that the constitu- 
tion of the press bodies was identical with 
that of the guns, and that far less than 
10 per cent. loss had resulted from their 
fusion and casting. 

By the long-handed-down methods for 
artistic bronze casting, probably as old as 
when Hiram cast the bronzes of the 
Temple for Solomon, “in the clay ground 
of the plain of Succoth,” the moulds were 
produced in one or other of two ways, the 
mould itself being invariably of plastic 
tempered loam or clay, such as a brick is 
moulded from; viz., either by so moulding 
direct from the plaster model finished by 
the hand of the modelling artist, by means 
of a more or less complex assemblage of 
irregularly shaped “ drawbacks,” which, 
when fitted together, were themselves 
backed and supported by plaster of Paris; 
or from a modeller’s wax model, which 
was itself either cast from the plaster 
model, or moulded direct by the artist, 
and which, after being completely sur- 





rounded by the loam, and that slowly 
dried, was raised in temperature in a stove 
until the wax all melied and ran out, 
leaving the mould empty and fit for the 
metal, however complicated or undercut 
in form. Those methods, however, are 
very tedious and expensive, require highly 
skilled moulders’ labor at every stage, and 
when the casting is to be hollow, and there- 
fore must be moulded on “a core,” by no 
means secure against failure. De Launay 
obviously took his contract—judging from 
the account he has himself given—upon 
the strength of three ideas, original with 
him, and which he kept to himself until 
in the course of the work they became 
divulged, and as we have stated, were met 
with the incredulity and opposition of his 
workmen. First, he proposed to mould 
everything either in “green” or in dry 
sand. Secondly, he saw how he could 
mould direct from the plaster of Paris 
models, which he stipulated to have in 
duplicate, so that if one were destroyed 
he could himself replace it from the other 
one, and how he could extract these from 
the moulds, and yet avoid the complicated 
system of irregular shaped “ drawbacks,” 
at least toa great extent. Thirdly, he had 
a plan for ramming up the backs of the 
bassi relievi by something very like our 
modern system of plate moulding, viz., 
upon a thin sheet of softened copper 
beaten to the contour of the face of the 
model, or of a cast from it, and then stiff- 
ened by a backing of plaster of Paris, and 
after ramming upon thg the sand of the 
second half of the box or chassis, cutting 
off from the sand, by hand, a sufficient 
portion from all parts that were square, 
or nearly square, to the face of the basso 
relievo, 80 as to give equal thickness to all 
parts. Our founder readers will compre- 
hend this at once. 

Now he was, in the man, right in all 
these previsions, and carried them all out. 
But it must be said he quite underrated 
the practical difficulty of carrying out his 
idea for the extraction of his plaster of 
Paris models. He based his pian upon 
these chemical facts—gypsum, or hydrous 
sulphate of lime, when burned in a kiln 
at a not very high temperature, loses its 
constitutional water and becomes plaster. 
When this is mixed with water to a paste, 
and has set, water is again chemically 
combined with the before anhydrous sul- 
phate of lime, though it now assumes the 
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amorphous texture of a plaster image, in 
place of the original crystalline one of the 
gypsum. But this constitutional water, 
thus again taken up, can be again expelled 
in great part by a heat of about 500 deg. 
Fahr., or even less, and the coherent 
plaster then drops to pieces and becomes 
pulverulent. De Launay’s plan then, was 
first to dry thoroughly and gradually his 
sand mould with the plaster model still 
within it, then to heat the entire to a suf- 
ficiently high temperature to cause the 
plaster model to lose its constitutional 
water, and then to pick out piecemeal the 
powdery or disintegrated fragments and 
leave the mould empty, and, after some 
dressing, fit for “ pouring.” 

The plaster model of the cupola is right 
over—is the dome, in fact, of a cylindric 
brick oven beneath it. When the sand 
was rammed up all over it, a gentle fire 
first dried that, and then the heat being 
urged, the plaster model itself was de- 
stroyed and disintegrated, and the fire 
-being let go out, the moulders got into 
the hollow of the oven, picked out the re- 
maining fragments, and dressed the 
mould. The loam, or dry sand core, was 


made by the usual well-known methods, 
and when the “cope” was put over it the 
whole was ready for ramming up in the 
casting pit, and for reception of the 


bronze. In this, and in the use of the 
thin copper backs for the relievos, there 
was undoubtedly much ingenuity and 
originality, which in the hands of a less 
ardent and more jgudent man might have 
been so modified aS to have been attend- 
ed with complete success. As it was, 
however, so rough and ill finished were 
numbers of the moulds thus prepared, 
and so bad the castings produced from 
them, that the artists and sculptors re- 
fused to permit their names to be cast 
upon the bronzes from them. The chasers 
finally employed to clear and make as 
perfect as might be the faces of the work, 
cut off to waste in the whole no less than 
70 tons of bronze, which by their contract 
they were entitled to dispose of, in addi- 
tion to which 300,000 fr. was paid them 
for their labor. The mismanagement of 
the whole affair strongly resembles the 
style in which our own public monuments, 
such as the Wellington one, and a good 
many others, are conducted, and the re- 
sult is much the same in all. In the end, 
the French Government paid more for 


| the Vendome Column, so economically 
contracted for at 5 pence per lb., than if 
they had given carte blanche to the first 
science and the ablest practice in the 
world for its production. But a strange 
want of constructive forethought marked 
everything about the work. It was pre- 
dicted by the men of science, that if the 
bronze shell were rigidly fastened to the 
stone core of the column the effect of the 
unequal expansion and contraction of the 
bronze and of the oolitic stone-work would 
tear the latter, or possibly both, to pieces. 
Napoleon himself is said to have sketched 
a model for the boutons, which held the 
bronze to the stone, of a form leaving the 
longitudinal expansion free. The form 
actually, however, bound them together; 
and the effect was, that when the bright 
rays of a Paris summer’s sun had struck 
for a long day upon the southern side of 
the column, a trained eye could see that 
it was visibly bent over towards the north. 
And again, when the radiation of a clear 
night’s sky following, rapidly chilled the 
air, a current of heated air swept upward 
along the southern semi-circumference of 
the column and cooled the bronze with 
such rapidity that the evening visitor 
could hear distinctly the cracking noises 
produced by the settling down of the 
more or less shattered stone column as 
the bronze shortened and hung upon its 
exterior. Were it not for the shattering 
of the stone-work thus produced during 60 
summers (it was inaugurated in 1810), it 
is doubtful at least thdt the awkward 
efforts of the. canaille of Paris to pull it 
down would have been successful, though 
no doubt a very few povads of gunpowder 
would have brought it down at any time. 
After Jena, the model of Charlemagne for 
the original statue had its visage modified 
into the features of the Great Emperor. 
It was modelled by Chaudet. 

In 1814 the same sort of mob that re- 
cently destroyed the column, just then 
most loyal royalists, tried to pull off, by 
ropes, this statue, but could not succeed, 
and scaffolding and tackle had to be erect- 
ed to lift it out of its socle or hollow base, 
and lower it to the ground, the drapeau 
blanc taking its place. It is said to have 
been melted up to re-edify parts of the 
statue of Henry IV. on the Pont Neuf. In 
1833 Louis Philippe had a new statue of 
Napoleon, in his well-known gray riding 
coat and little cocked hat, telescope in 
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hand, modelled by Le Seur and erected | tions of architecture and of art, possessed 
on the top. The statue only weighed by any nation. France has now indeed 
about 4 tons, and it was hoisted into | drank the cup of misery to the dregs. 
place in 2 hours and 55 minutes from | Even her bitterest foreign enemy must 
leaving the ground. It was secured in | pity her condition. Comfort there can be 
place by 6 bronze bolts, of which 3 were | none—even from those that love her best. 
so arranged as to enable the perpendicu- |The column, which was not Doric, as 
larity of the statue to be adjusted to the | stated by the TZimes, but Roman Doric, 
satisfaction of the sculptor. The founda- | was 44 metres high to the top. The total 
tions of the column are those of the | weight of bronze actually in it was about 
equestrian statue of Louis XIV., which, | 252 tons ; so that, if all sold by the Com- 
previously to its removal, stood in the | mune, the old metal would not fetch more 
Place Vendome ; but the surroundings | than about £2,000, and the money ex- 
were mean and paltry until 1835, when | pended upon the monument from first to 
granite was brought from Corsica to form | last, exclusive of the cost of its destruc- 
the still existing fine stone basement, and | tion, was in or about £95,000. 

the bronze railing around, on which the| We have heard it stated in Paris society 
immortelles used to hang thickly, was | that the original plaster models were de- 
added, at a total cost of 76,000 fr. In | posited somewhere in Government build- 
1865 the late Emperor Napoleon IIT. had | ings, probably at the Musée de l’Artillerie. 
a new statue in Roman military dress | If this be so, there may be less difficulty 
substituted for Le Seur’s ugly figure, and | in its restoration whenever France shall 
this it is which now, headless and spat | regain a Government, and Paris free itself 
upon, lies desecrated on the dung-heap | from being rough ridden by its own worst 
on which it fell. What alesson, were any | mob. If once the original bronze of the 
needed, of the insubstantiality and muta-| guns that thundered in 1805 upon the 
bility of the most commanding power and | Danube, and which now lies in fragments 
greatness! And yet this has been sur- | upon the pavement of the Place Vendome, 
passed by the worse than barbarian deeds | had been sold by the Commune—and its 
enacted, while our ink is still wet, in the | being so was only a question of days— 
wilful destruction by fire of the grandest | how should new and baser material re- 
historic monements, the noblest collec- ' place it ? 








ENGINEERING MATTERS IN TURKEY. 


From “ Engineering.” 


Turkey is a country of contradictions | tually checks and cripples any tendency 
and a land of anomalies. Just as Mr. | to enterprise among the Turkish popula- 
Micawber had an execrtion put in in the | tion, and a vague fear continually prevails 
morning, and estimated the cost of a bow | that what is regarded as the traditional 
window in the evening, so you hear of the policy of Russia requires a continual ex- 
Turkish Treasury raising short loans, at | penditure in defensive armaments. The 
12 or 15 per cent., one day, and contem-/ result of all these unfortunate circum- 
By a great net-work of railways or | stances is that Turkey does not take very 

alf a dozen iron-clads the next. The! kindly or successfully to the ideas and 
explanation of this curious state of things | usages of Western European civilization, 
is to be found in the vast undeveloped re- | and that an enormous outlay continually 
sources of Turkey. Turkey has wealth, | prevails for warlike purposes, while the 
if she would only turn it to account, and | natural wealth of the empire is suffered 
the Turkish Government seems occasion- | to remain comparatively neglected. Never- 
ally disposed to act as if the empire were | theless there are symptoms of improve- 
arich and vigorous one; but the fact is} ment observable in Turkish affairs. Al- 
overlooked that the resources of the| though, for instance, the Turkish Treas- 
country, such as they are, are undeveloped | ury is hampered with a chronic deficit, 
and unutilized, while the arbitrary char- | the revenue shows a tendency to improve- 
acter of the Turkish administration effec- ' ment, and if the public expenditure could 
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but be kept stationary for a few years, ‘be shortly received at Constantinople 
something like an equilibrium would | from Sir W. G. Armstrong & Co. The bat- 


probably be established in Turkish finance. 
The Minister of Public Works has also 
mapped out a vast series of railway lines 
for Turkey in Europe; of this net-work, 
however, amounting to between 700 and 
800 miles on paper, only the first section 
of less than 10 miles has been finished, 
and probably the works will not be pushed 
on very rapidly in the present condition 
of Turkish finance. It is satisfactory at 
the same time to observe that Daoud 
Pasha, the official at the head of the Pub- 
lic Works Department, has recognized the 
necessity of providing good common 
roads to serve as feeders to the Turkey in 
Europe railways. No less than 2,000 to 
2,500 miles of roads of this description are 
to be made; theyare to be divided into three 
classes, the cost being estimated at £1,250 
to £1,562 per mile, according to class. 
Nothing probably would be found more 
beneficial than a good system of common 
roads, upon which road steamers would 
render very solid services until railways 
could be more extensively constructed. 
At present, from the unsatisfactory system 
of Government prevailing, the general de- 
pression in Turkish commerce, and the 
want of roads, Turkish railways have been 
serious financial failures for the most 
part, and the guarantees given upon 
them have only added to the embarrass- 
ments of the Turkish Treasury. The 
Smyrna and Aidin, for instance, involved 
a loss to the Turkish Government,in 1870, 
of no less than £96,814 on its guarantee 
account; and since October, 1870, the 
guarantee has not been provided for. The 
Varna and Rustchuk, another Turkish 
line, presents very similar results. 

The great source of Turkish troubles, 
financial and otherwise, is, however, the 
heavy war expenditure which is con- 
stantly going on. At the Turkish naval 
arsenal, for instance, at Haskeui, an ar- 
mor-plated corvette, the Moukaddem- 
Hair, is now approaching completion. 
The Moukaddem-Hair, which is a copy of 
a sister corvette designed by Mr. E. J. 
Reed, will be 235 ft. in length between 
perpendiculars, and she wil] have a belt 
of rolled armor-plating 6 ft. in breadth, 
and 6 in., 8in., and 9 in. in thickness, 
more than half being below the water line. 
The corvette will be armed with four 12}- 
ton 300 pounder Armstrongs, which will 





tery in which these guns will be mounted 
will be octagonal in shape. The plates 
used in plating the corvette have been 
rolled at Haskeui, which has also turned 
out all the other iron required for the 
ship. The plates are 16 ft. in length and 
3 ft. in breadth. The burthen of the 
Moukaddem-Hair will be about 1,600 
tons, and she will be fitted with engines 
designed by Mr. Shanks, and working up 
to 3,250-horse power, although of only 
500-horse power nominal. Haskeui is 
engaged on two other pairs of engines of 
60-horse power nominal, which are being 
made for two gun-boats, two stationary 
engines of 25-horse power, and four pairs 
of floating fire-engines. A new smith’s 
shop to contain 50 fires is also being 
erected, and drawings have been prepared 
for the erection of some large factories 
and foundries, to replace others at Yali- 
Kiosk, the site of which has been given 
up to the Roumelian Railway Company 
for a Stamboul terminus. The Taif and 
Sharki-Shadia paddle-wheel frigates have 
received new engines and boilers; and two 
iron-clad monitors, purchased in France 
during the Cretan insurrection, have been 
reconstructed so far as their defective ar- 
mor plating is concerned.e Rope-making 
machinery has recently been supplied to 
Haskeui by Messrs. Fairbairn & Kennedy. 
Altogether, Turkey shows considerable 
vigor in the matter of her navy, which 
seemed to be regarded as a formidable 
one by Earl Granville in the House of 
Lords on a recent occasion; the crews are 
not so efficient as the ships, but Turkey 
would appear to be dreaming of the day 
when she will try her naval strength with 
Russia. A Cretan journal refers to the 
progress which has been made with a new 
naval arsenal at Souda Bay; slips for 
building and refitting vessels, which have 
been for some months in progress, are 
now finished, and workmen were engaged 
at the last dates upon a commodious bar- 
racks for sailors. The construction of a 
large dry dock is also to be commenced. 
Here we have another indication of the 
resolute intention of Turkey to become 4 
naval power. The characteristics of the 
Turk would appear, indeed, to be un- 
changeable. He borrows readily enough of 
the Frank, and he pays his way as well as 
he can, and professes a scrupulous good 
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faith. But still the old nature is strong | 
within him. While Turkey has scarcely | 
any roads, while her railways are few and | 


Government. Some consideration has 
also been devoted to a great bridge over 
the Danube, at Rustchuk, which would 


incomplete, while her harbors require im- | connect the Varna and Rustchuk with the 
provement, while her mines are unworked,| whole system of European railways. 


no small slice of the public resources is | 
spent upon war purposes and war objects. | 
However, sounder ideas will probably | 


gradually gain ground, and we are glad to 


see that in the case of the now profitless | 
Varna and Rustchuk Railway, the im-| 


provement of Varna harbor is occupying 
the “serious attention” of the Turkish 


Works such as these would prove more 
profitable to Turkey than monitors and 
iron-clads. Still, Turkey can scarcely be 
expected to submit passively to any ambi- 
tious designs which Russia may cherish; 
and she certainly will not do so, for Tur- 
key has traditions quite as powerful as 
any which can actuate her old antagonist. 


THE METRIC SYSTEM. 


Prof. Chas. E. Davies, of West Point, 
delivered a lecture at the Cooper Insti- 
tute, on the 29th ult., on the metric system 
and the probable consequence of its in- 
troduetion into this country. After ex- 
plaining the system in detail, he concluded 
his remarks as follows : 

Let us suppose the metric system to be 
adopted by law, and every other 
system excluded—for, without such ex- 
clusion, the whole thing would be a 
perplexity and a farce. What follows ? 
We have blotted out from the mind of the 
nation the foot and all knowledge of every 
measure into which itenters as a unit. We 
have expunged the yard, used in connec- 
tion with the arm, more or less in every 
family; and the pace, the unit and guide 
to the farmer for an approximate measure 
that will not supply the place of either. 
Every lot of ground 25 ft. front by 100 ft. 
deep must be described as follows: 7 
metres, 6 decimetres, and 2 centimetres, 
front, by 30 metres, 4 decimetres, and 3 
centimetres deep. Thus, the decription 
of every such lot will require 3 different 
units and 6 words, instead of 1 unit and 
2 words. In all conveyances and descrip- 
tions of land, the translation from one 
language to the other would occasion 
great trouble and difficulty. The old 
familiar mile of 1,760 paces is also gone; 
and the distance from Albany to New 
York, 145 miles, will be known to us, if 
known at all, as 229,680 metres. Let 
us see how we shall recognize the earth in 
iis new dimensions. Its diameter, in- 
stead of 8,000 miles in round numbers, 
will be 12,672,000 metres, and its circum- 
ference about 39,810,355 metres and 2 





decimetres. The acre is also gone, and 
with it all its multiples and sub-multiples. 
Since the commencement of the present 
century the public lands have been sur- 
veyed and laid out in townships of 6 
miles square, each containing, of course, 
36 square miles, or 23,040 acres. 

The side ofeach township, by the new 
system, would contain 9,504 metres (in- 
stead of 6 miles), and its area 921,600 
ares. All the lands from the Ohio river 
to the Pacific Ocean have been surveyed, 
deeded and recorded in the units of the 
sq. mile and the acre. What will be the 
labor and the confusion of translating 
every deed and every record into the 
language of the metre and the are? We 
should scarcely know our own farms by 
their new names. 

If the introduction of the metric system 
produced only a change in the names of 
the units, leaving their values the same, 
or, if it altered the values only, preserving 
their names, the difficulty would be com- 
paratively small. But, unfortunately, we 
must change both ideas and words—the 
foundations of systems and the language 
by means of which these systems are de- 
veloped and made known. These double 
changes, made at the same time, are very 
serious, because there is no thought or 
word in one language having an exact 
synonym in the other. The consequence 
of these changes to the metric system 
would be the following : 

1. They would strike out from the 
English language every word and phrase 
and sentence used in connection with 
our present units of weights and meas- 
ures, and would impose the necessity of 
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learning a new language for the one now 
in use. 

2. They would blot out from the knowl- 
edge of the nation all apprehensions of 
distance, and area, and volume, acquired 
through the present units, and would 
render necessary the acyuirement of 
similar knowledge by less convenient 
units, having different relations to each 
other, and expressed in a new and un- 
known language. 

3. They would change the records of 
our entire landed property, requiring 
them all to be translated into a new and 
foreign language. 

4. We must not forget that prices and 
currency are dependent upon, and neces- 
sarily adjust themselves to, weights and 
measures, and that all our ideas of cost 
and value are fixed with reference tv our 
present units. The adoption of the 
‘metric system, therefore, would carry with 
it an entire change in the money values 
of all artices of commerce and manufac- 
tures, and of all agricultural productions; 
for these values would have to be read- 
justed to the new units, and to be ex- 
pressed in the new language. Hence the 
changes would extinguish all knowledge 
of money values, now so familiar to the 
entire population in their daily purchases, 
and sales and barters, for those values are 
all adjusted with reference to the units of 
weights and measures. 

5. Can we afford to make these changes 
for the very small gain of changing our 
present yard from 36 in. to 39 in. and 
37-100 of an inch? Can we accept any 
system as a substitute for the one now in 
use, unless it makes some provision for 
retaining the unit 1 ft.? 

All our knowledge of distances, the 








yard, the rod, the furlong, the mile, tie 
league, come from it. The square rod or 
perch, the rood, the acre, are also derived 
from it. Can we change the survey of an 
entire continent, with the description of 
every piece of land upon it, from the unit, 
one acre, to the unit, one are, 40 times 
less? Can we change, without great con- 
fusion, the unit of volume, the cubic foot, 
and the cubic yard, so familiar to every 
school-boy? and, above all, can we change 
our unit of weight, the pound avoirdupois, 
which is equal in weight to 16 of the 1,000 
equal parts of a cubic foot of rain-water ? 

6. Can we abandon, as a mere question 
of language, these short, sharp, Saxon 
words, for their equivalents expressed in 
a foreign language? Besides, the foreign 
language which we introduce has no exact 
equivalents to these words, which have 
almost become things, and which now 
form a part of the mind and knowlege of 
every people who speak the English tongue, 
or are connected with the American com- 
merce. These are the great questions 
now discussed and considered by the 
American people. They affect directly 
the interests of all classes. They affect 
our systems of public instruction, our 
trade, our commerce, and the mechanic 
arts, in all their development, and in all 
their applications. Let us, then, approach 
these questions with a deep sense of their 
importance. Let no hurried action em- 
barrass us. Let us remember that time is 
a necessary element in the accomplish- 
ment of everything that is truly great, and 
that these questions can only be rightly 
and permanently settled by the enlighten- 
ed and aggregated judgment of mankind. 
Let the discussion, therefore, be full and 
complete. 





METALLIC CARTRIDGE CASES. 


From ‘‘The Engineer.”’ 


At a recent meeting of the Gunmakers 
and Inventors’ Club, a paper was read by 
Mr. F. Osborne, on “ Metallic Cartridge 
Cases.” Mr. Osborne stated that he would 
not go into the history of metallic car- 
tridge cases, commencing as they did with 
the tiny capsule for saloon pistols, intro- 
duced by our French neighbors, and it- 
self only a large percussion cap, which 
was subsequently developed into the flange 





or rim-fire copper cartridge so much used 


in the United States. Some ten years 
ago the cartridge began to give way to the 
central fire cases of Potet and Schneider, 
the latter having a folded metallic base, 
strengthened inside by a thick wad of 
compressed paper, and an anvil, or short 
pin, inserted in the base, on which the cap 
was exploded. These cartridges were made 


| originally for sporting purposes, with 
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shell of rolled paper, or millboard, and we 
may consider them as the type of all the 
central fire cartridges now in use. No 
advance has been made so far as the 
principle is concerned, but very great 
improvements had to be made in the con- 
structive details before an efficient car- 
tridge for military purposes could be pro- 
duced. Such a cartridge must have 
strength to stand a very heavy charge of 
powder fired out of a rifled arm, the force 
of the explosion being immensely in- 
creased by the resistance which the latter 
offers to the bullet. It must be capable 
of easy extraction, waterproof, and not 
liable to be injured by rough usage. If 
the case can be refilled and used several 
times, it is an undoubted advantage, 
although a good deal of special pleading 
has been employed to prove that such 
refilling is of little or no consequence. 
The first cartridge that came near to ful- 
filling these conditions was the “ Boxer,” 
which, when first introduced, differed 
from the above-mentioned sporting car- 
tridges in having its shell of coiled sheet 
brass, with or without paper covering. 
It was at first a failure, but having had 
the advantages of a long and somewhat 


exceptional course of experimental treat- 
ment at Woolwich, extending over several 
years, and having there received various 
additions and improvements, it arrived at 


the state in which we now findit. As a 
cartridge for the Snider rifle it is in its 
present form perhaps as good as any other, 
and even as a small-bore cartridge it is 
very efficient so far as shooting is con- 
cerned, but owing to its great length (now 
d}in.), coupled with the extreme thinness 
of the metal coil, it is liable to distortion, 
and a little rough handling renders it un- 
serviceable. 

When it became clear that the small 
bore was to be the arm of the future, 
an attempt was made to get over the diffi- 
culty by making the cartridges of bottle 
shape, and a cartridge of this shape has 
been decided on for the Martini rifle. The 
bottle form of cartridge, particularly where 
the difference of diameter is as great as 
exists in the Boxer, is bad in principle, 
and only adopted as a means of getting 
over what is a radical defect in the arm, 
the inability to use a cartridge of any 
length, which future experience may prove 
to be the right one. With a cartridge of 
this form as compared with the long 





small bore, the strain on the breech action 
is increased more than one-third. With 
some bottled cartridges the strain would 
be doubled, owing to the area of the car- 
tridge base so far exceeding that of the bore 
of the barrel. The recoil is also increased, 
but not in the same proportion, or for the 
same reason, but owing to the sudden 
ignition of a short column of powder. 
The long thin cartridge requires more 
time for its complete combustion, and 
starts the bullet gradually without unduly 
“upsetting” the same. In fact, the length 
of the cartridge here serves the same pur- 
pose as the use of pebble powder in heavy 
guns, by which an increased velocity of 
bullet is obtained with only half the strain 
on the gun. The sudden ignition of a 
short column of powder in a part of the 
barrel doubly weakened by the enlarged 
chamber and the screw outside, is thus 
contrary to all the principles of gun con- 
struction. Whether the Boxer cartridge 
is made in the cylindrical or bottle form 
it is liable to four objections. First, the 
excessive weakness of the shell; second, 
want of capacity, owing to so much space 
being taken up with the paper wad; third, 
complication of parts, which, while it 
somewhat facilitates construction, is op- 
posed to uniformity, an error in any one 
of the parts being sufficient to vitiate the 
results; fourth, the base, being attached 
by riveting at the centre, is liable to be 
pulled away by the extractor, and some- 
times pulled off. The last objection has 
been got over, to a great extent, by using 
a very thick base. With a view to pro- 
duce a cartridge case free from these 
objections many experiments have been 
made, both here and in the United States, 
involving an immense expenditure, on 
account of the great mechanical difficul- 
ties to be encountered; for it was deter- 
mined from the commencement that the 
cartridge should be of one single piece, 
that there should be no makeshifts or 
cobbling-up of weak places, no dependence 
on paper wads or separate anvils, which 
last were occasionally left out. These 
attempts could hardly fail to succeed, and 
now the solid metallic cartridge cases made 
here and in the United States leave little 
to be desired. The cartridge cases which 
for the last two or three years have been 
made at Bridgport, Massachusetts, are 
almost perfect, in finish they have never 
been surpassed. They are made from a 
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single piece of metal, up to 2} in. long, 
are capable of .containing 70 to 75 
grains of powder, and may be refilled 
several times. The shell is exceed- 
ingly strong, of bottle shape certainly, 
but not nearly so marked in this respect 
as the Boxer. The only drawbacks upon 
them are that they have not sufficient 
capacity for the large charge of powder 
we are in the habit of using, - and that they 
are sometimes found to open at the folded 
base. For the last two years strenuous 
efforts have been made in this country, or 
rather Birmingham, to improve upon 
these, and I think I may safely say that 
these efforts have been crowned with suc- 
cess, and that a cartridge is now being 
made here in large quantities which is 
almost as perfect as any cartridge can 
be, as, with all the advantages of the last, 
it has a capacity for 85 grains of powder, 
and has a base not folded over as in the 
Bridgport cartridge, but formed out of 
the solid metal. The first cartridges made 
on this principle were not of so good 
finish as the American, owing to the 
greater novelty of the manufacture in this 
country; but this defect is fast disappear- 
ing, if it has not disappeared already. 


These cartridges may be reloaded a score 
of times. As the Boxer has been dis- 
tanced by the Bridgport, the latter has 
been beaten by the new solid-base car- 
tridge here being made. The reading of 
the paper was illustrated by a large col- 
lection of cartridge cases, showing the 
progressive stages of invention, most of 
the cases in section, to show the pecu- 
liarities of construction. A discussion 
took place after the reading of* the paper. 
Mr. Whitehill, who has had a large ex- 
perience in the manufacture, was of opin- 
ion that the folded base was sufficiently 
strong, if the cartridge chamber was made 
with sufficient care. He had fired indi- 
vidual cartridges more than twenty times 
without the slightest. difficulty in extract- 
ing after each discharge. Mr. Mabbutt 
considered that many difficulties would be 
avoided if the gunmakers and cartridge 
makers were to come to a better under- 
standing with each other, and asserted 
that if cartridge makers were to determine 
not only the dimensions of their cartridge, 
but also the amount of clearance required, 
there would not be the slightest difficulty 





in chambering the guns for them so as to 
produce perfectly uniform results. 





ON THE ARCHITECTURAL TREATMENT OF PORTLAND CEMENT.* 


From ‘The Building News.’’ 


Iam well aware that I am about to have covered the whole of the suburbs of 
tread on very delicate ground, and thatin | London with dwellings alike bad in con- 
presuming even to suppose that Portland | struction, in internal arrangement, and in 
cement is a material that it is possible to! external appearance. I need hardly state 
treat architecturally, 1 fear I shall be out! that I refer to the class known as “ specu- 
of sympathy with the great majority of lative builders.” I regard as one of the 
the members of the Association. The best | greatest misfortunes that could happen to 
architects, as a rule, entirely ignore this | any community the being obliged to de- 
material, and many ‘would regard it as a| pend upon the production of such people 
sign that a man who uses it habitually | for the dwellings and homes in which, as 
and especially as ordinarily treated) is | a rule, the most enjoyable part of exist- 
necessarily a man who does bad work. I | ence is passed. However, so much has 
confess I myself share that feeling to a | been said and written on the miseries and 
very considerable extent. The prejudice | discomforts of “ speculative-built” houses, 
that exists against the use of Portland | that I need not occupy your time by en- 
and other cements as an external ccver- | larging on this matter except as regards its 
ing is, I believe, one that has arisen more | direct bearing on the subject of this paper. 


from the abuse of the material than from 
its fair use. Unfortunately, it seems to 
have been one especially patronized by 
that large and energetic body of men who 





* A paper read x the + ‘onaeecs Association by Mr. 
RowLanp Pivmas, F. R. 1. B. 


In my opinion Portland cement has been 
unfortunate from the date of its first use, 
and even in its name (so-called from its 
supposed resemblance to Portland stone), 
it indicated a departure from, the first 
principles that should have guided its 
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proper use ; for the very thing that was | so infinitely below its apparent value, it 
wanted in its proper employment was that | having to be pretty plainly intimated that 
it should not look like Portland or any | the architecture has been thrown into the 
other stone, and that it should stand and | bargain for nothing, entirely out of th 
be treated as a material of itself. My sym- | love and regard which the said Mr. Stucco 
pathy with the use of this material arises to | and his friends have for really good work 
a great extent from a consciousness of the | and fine art. But, alas! the illusion pass- 
ill-use to which it has been subjected by | es away. In addition to the discomforts 
Mr. Stucco and his friends and relations | which bad construction, faulty arrange- 
the speculative builders, who, having once | ments, and worthless fittings produce, 
decided on its being a material well suited | insult is heaped upon injury, and the 
to embellish their productions, seem to | British householder finds the pride of his 
have had no difficulty in persuading the | heart, the palatial front, showing signs 
surveyors of the estates on which they | of decay. First, a suspicious swelling 
were building that it was a material that | appears in numberless small places over 
could make the designs of their house | the front ; then the solid stone ashlaring 
fronts look like the most beautiful stone-| begins to turn up at the edges ; and after 
built houses ; so they thereupon set to|a time it peels off, as though suffering 
work, and in the most lavish and extrava- | from some leprous disease, and leaves ex- 
gant manner they built and constructed | posed underneath a hideous surface, seem- 
—and even to the present they build and| ingly compounded of dirt and cinders, 
construct—their semi-detached villas(let- | until shortly the elaborate dressings and 
ting at the enormous rents of from £30| massive columns and entablatures also 
to £50 a year), with cornices copied direct | begin to show signs of decay, and each 
(with slightly exaggerated proportions) | morning as the too-confiding possessor of 
from the Italian palaces and even Classic | the palatially-fronted residence takes his 
temples, as set forth in the various archi- | departure for town, he is cheered by the 
tectural drawing-books to which they | sight of its mangled remains strewing the 
have access, or as handed down from | ground as he walks away. Still, with the 
generation to generation in the shape of | courage of despair, he determines not to 
old moulds and other stock in trade. | be beaten, and sends for Mr. Stucco. If 
Obviously, to people of such proclivities | he does succeed in obtaining an interview 
the temptation to put to their house a/ with that gentleman, as a rule the result 
cornice fit for a palace must be very great, is not satisfactory. Nothing remains to 
when we consider that the difference in | be done but to send for a really respecta- 
expense between it and an appropriate | ble builder. No doubt he will soon put 
one consisted principally in the cost of all matters quite straight, and the house 
preparing the zinc mould used to run it. | will be restored to its first beauty and 
Why shouldn’t they have a grand palatial | grandeur. The workmen make a com- 
cornice, they say, when it doesn’t cost | mencement, and fora time the proprietor 
more than acy other? In like manner | hopes he has seen the worst of his bargain; 
they have proceeded to decorate their | but the workmen do not seem to be mak- 
windows with most elaborate dressings, | ing satisfactory progress with the work ; 
and their doorways with massive columns, | more and more of the solid stone ashlar- 
each looking as though worked out of one | ing and elaborate and massive architectu- 
stone, and with richly carved caps and| ral features have to be removed ; and, to 
entablatures. Indeed, some go even so; make a long story short, it is found that 
far as to cover the whole surface of their | cement work of the worst possible quality 
houses with cenent, jointed in the most! has been plastered over as a screen to con- 
perfect and regular manner also, to look | ceal brick work as bad and rotten as could 
as though the houses were built of solid| possibly be built. Then the proprietor 
stone, until the unsuspecting British | knows the worst, and probably tries to 
householder becomes so amazed at the | patch up his front as best he may ; and in 
great architectural advantages thrust upon | the event of his not being able to sell the 
him, that he cannot do otherwise than | house, makes up his mind to spend a con- 
purchase the “eligible semi-detached villa | siderable amount every year or two in re- 
residence, with pleasing elevation,” so} pairing that which can never be made 
often and so successfully offered at a price! sound, as from its construction it must 
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necessarily be subject to continual dilapi- 
dations. 

Now, in the face of extensive experience 
of cement work of this description (and 
no doubt most of us have met with such 
cases continually), can it be surprising 
that we should have conceived a prejudice 
against the use of the material itself? 
But, surely, when architects themselves 
use Portland cement and other similar ma- 
terials as an external covering, the before- 
mentioned disqualifications to its use do 
not exist? Asa rule they do not. What, 
then, is the objection to its use? Here I 
must coufess that we as architects have 
much to answer for in this way. In most 
cases where cement is used we deliberate- 
ly sit down and design a front, frequently 
exercising much care and thought, and 
often showing great ingenuity and merit ; 
but we design it in every way as though it 
was to be built of carved and worked 
stone, and then, as though suddenly 
awaking to the fact that even our most 
sanguine expectations of persuading our 
client to make the necessary outlay to 
carry it out will not be realized, we resolve 
to carry the whole out in Portland cement. 

Now, designing and working in this 
spirit can we expect to obtain good re- 
sults? Are we treating the material fair- 
ly? In fact, are we doing better or truer 
work than Mr. Stucco before so often 
referred to? To all these questions I 
answer emphatically, No! And until we 
ean divest our minds of the delusion that 
stone forms and treatment can be proper- 
ly carried out in cement, we shall never 
design properly in the latter material. It 
may possibly be contended that an archi- 
tect who designs a building well and care- 
fully, and one which possesses originality 
and power, and that it is in every way 
appropriate and suitable for stone con- 
struction, is entitled to as much credit for 
his design, even though it be carried out 
in cement, as would have been accorded 
to him had it been executed in stone ; and 
it may further be argued that it is not the 
architect’s fault that it is not executed in 
stone, but that his client is compelled to 
adopt the less expensive material. Iven- 
ture to think, however, that this is an untrue 
and dangerous view to take. There can- 
not in this case be a mere beauty of archi- 
tectural furm and combination irrespective 
of the material with which we have to work 
and in which we have to design, and in such 





case if an architect cannot carry out his 
design in stone he must not hesitate to 
make a fresh design suitable to the less 
costly material with which he has to deal. 
Serious errors in this respect, have, I think, 
been made by architects of great reputa- 
tion (who have carried out large and im- 
portant works in magnificent positions) 
through working in the untrue spirit to 
which I have above referred. With the 
greatest deference to the talent and ability 
of these gentlemen, I cannot help saying 
that in my opinion they have lost great 
opportunities, and that if, when designing 
in cement, they had studied to employ com- 
binations suitable for the material instead 
of the stone forms used, they would have 
produced infinitely truer and finer build- 
ings, and would at the same time have in- 
creased their own reputation and advanc- 
ed the cause of architectural art. Let us 
most rigidly and unhesitatingly admit as a 
canon of architectural art,that the designer 
must above all things, in the conception of 
his design, consider the material he is 
about to use, and then I venture to think 
that we shall soon have an architecture, 
even of Portland cement, as true and as 
appropriate as the architecture of any 
other material. It may fairly be said that 
the principles I have been advocating ap- 
ply to the design of all materials, and are 
in no way peculiar to the treatment of 
Portland cement. Of course this is un- 
questionably correct, but I think I am 
not wrong in stating that of all materials, 
that which has received the least consid- 
eration as regards special design is un- 
doubtedly Portland cement used external- 
ly. There can be no doubt that good 
cement work is in many instances a most 
valuable and durable material regarded 
in a constructive point of view—so much 
so that in most of our seaside towns, and 
in positions exposed to the driving, pene- 
trating rain that so often accompanies our 
south-west winds, it has got to be almost 
universally used, and has been found fre- 
quently to be the only material that will 
resist the penetration of damp, it having 
often been used successfully when all other 
known precautions (such as hollow walls, 
etc.) against the penetration of weather 
have failed. 

The growing use of concrete construc- 
tion renders it extremely probable that 
Portland cement will be more extensively 
used as an external covering, it having 
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been found necessary, in most cases, to 
cover the concrete walls with cement. 
Being now engaged professionally in the 
carrying out of a rather extensive range 
of buildings in concrete, I find myself 
compelled to grapple with the difficulties 
of Portland cement design’; andit is only 
in connection with frame-built concrete 
buildings that I personally should feel 
disposed to use cement architecturally. I 
should certainly infinitely prefer to design 
a brick building as such, than to cover it 
with cement, unless very special circum- 
stances rendered it desirable to do other- 
wise. 

Having stated rather fully how cement 
should not be used, it is now necessary to 
indicate how properly to employ it. In 
doing this, I purpose endeavoring to point 
out some of the principles of design which 
seem to me peculiar to it. I do not con- 
sider it within the scope of this paper in 
any way to touch upon practical subjects, 
as the quality, strength, and proper work- 
ing of cement. I presume you will all 
admit that the material is one thoroughly 
fit for the architectural treatment to which 
I allude, and that, when of good quality 
and properly worked, it is durable and 
suitable for its purpose. 

Firstly (and chiefly), I would submit 
that Portland cement should no more be 
treated as stone than it should as wood, 
or any other material of equally different 
nature. It should be treated exclusively 
and entirely as a plastic material, always 
remembering that it is a comparatively 
thin coat laid over and upon some other 
material forming the bulk of the walling, 
it being generally presumed that it is of 
superior hardness and durability, and 
more water-proof than the material it 
covers, and that to that extent it is intend- 
ed as a protection and preservative of the 
same. This, it seems to me, would indi- 
cate that it should be treated with great 
breadth and in large surfaces. I should 
certainly be exceedingly careful how I 
broke up the surface, and should always 
endeavor to treat it asa covering laid on, 
and to preserve a flatness and absence of 
everything like high relief and deep sink- 
ing. Carrying out the idea of its being a 
plastic material, I should not object to run 
such mouldings as could be obtained in 
the thickness of the cement itself ; but I 
think care should be taken to keep the 
mouldings as fine as would be done in 





designing any other plaster work, such, 
for instance, as would be employed for 
inside cornices and similar plaster features. 
Anything like elaborately moulded and 
blocked cornices, requiring stone cores 
and other artificial means of obtaining 
projection, should be avoided ; but if it 
were necessary to project walls or to use 
a cornice, I would prefer to use such as 
could be run on any projection that could 
be obtained in the material of the walling 
itself. For instance, in the concrete build- 
ing I am erecting, I bring over the walls 
as a shallow cove at top, and I purpose 
covering the same with colored cement, 
adding one or two shallow mouldings, 
such as can be got in the thickness of the 
cement. Anything in the shape of archi- 
traves, pediments, or other dressings to 
window and door openings, should be 
avoided ; but good effects might be got by 
forming splays and running shallow 
mouldings round the reveals. Jointing 
or lining the surface, as usually seen in 
stucco work, should be avoided as an imi- 
tation of stone jointing, and as destroying 
breadth and flatness of surface ; but in- 
cised lines and ornament of shallow depth 
may well be employed to obtain richness 


of effect and to cut up the surface with- 


out destroying the breadth. The true 
treatment of cement-work would probably 
lead to a more extensive use of these nar- 
row sinkings, both in lines and ornament, 
and such a treatment would be legitimate, 
as they could readily be run and worked 
in the cement. 

The texture of the face of the work is 
of importance. If finished off, and floated 
with a wood-float, the sand is brought very 
much to the surface, and a rough texture 
is given to the work, that being generally 
the surface now given to cement-work as 
usually executed. The advantage of this 
rough surface is doubtful, especially in 
London. It soon discolors, and there is 
but little chance of its washing clean with 
the weather. An exceedingly fine—almost 
polished — surface can be given by finishing 
with a steel float or trowel ; in this case the 
cement comes to the surface, but is apt to 
show the working of the trowel, and to 
leave a smeared surface, far from'sightly 
or agreeable in,appearance. The surface 
that would probably meet with most ap- 
proval is one which may be described as 
between these two, and is obtained by 
floating with a steel trowel, but by finish- 
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ing the process by dabbing it on the work 
instead of floating ; this gives an exceed- 
ingly hard surface without the excessive 
polish obtained by the last method, and is 
so much finer than the floated work that 
it would probably retain its color much 
better. 

Of course it is highly desirable to avoid 
painting cement-work, but at the same 
time the atmosphere (and that of London 
particularly) will discolor it after it has 
had some years’ wear. I have but little 
doubt, however, that it could be cleansed 
from time to time at no more expense 
than would be incurred by staining and 
tuck-pointing brickwork and by scraping 
stone-work, as is usually done in cleansing 
these materials. Particular attention 
should, I think, be given to the local color 
of the work. As a rule, Portland cement 
mixed with Thames sand does not give an 
agreeable color, but it may be varied by 
mixing with different colored sands, from 
white to deep red. The specimen on the 
table [shown] is made with a mixture of 
Thames and White Leighton sand—one 
of each and one of cement ; and a mixture 
of cement and burnt ballast and sand 


gives an exceedingly good warm color. 
Cement work is particularly well adapt- 
ed for colored decoration, and with proper 
management and careful design in its use 
I believe exceedingly good results might 


be obtained. The cement should be 
colored before working, as its effect is 
entirely different from any coloring put 
on after the work is set. So important do 
I consider this part of our subject that I 
should like to see every cement-designed 
building treated in color. Here are some 
specimens of colored cements on the 
table, all of which (with the .exception 
perhaps of the yellow) might be used in 
external decoration. [Specimens shown. ] 
All kinds of colors will not mix with 
cement; some kill it, others are themselves 
destroyed by admixture with it. As a 
rule, mineral colors will stand best. Of 
the specimens on the table, the dark red 
is made of one-tenth part of purple brown 
(oxide of iron), 2 parts of sand, and 1 of 
cement, all mixed dry before making up 
for use; the light red is made with Vene- 
tian red, in the same proportions; the blue 
is made of German ultramarine, mixed as 
before ; the green is cbtained by green 
ultramarine, and this, by daylight, is of an 
exceedingly nice tint—the color, itself, 





however, is expensive, so much so as to 
render its use in large quantities some- 
what improbable—the proportions are as 
before ; the yellow is made of cadmium 
yellow and Thames sand ; brighter colors 
might be obtained, but it is hardly a color 
that could be used in decoration to any 
extent unless mixed with others. Good 
blacks might be made with black man- 
ganese mixed in the same proportions. 
All these colors could be varied by alter- 
ing the proportions and by using different 
colored sands. The admixture of colors 
with cements no doubt will give different 
results as regards setting and color, vary- 
ing with the cement and sand used; before 
employing the same, direct experiment 
should therefore be made. This facility of 
mixing color with cement is, I feel, a strong 
point in its favor, and should be fairly 
tried by all interested in or using cement 
architecturally. 

In connection with colored decoration 
in cement work, encaustic and other tiles 
might be used with great effect. The tile 
work that I have seen in connection with 
cement has not seemed to me to be satis- 
factory in appearance. Highly-glazed 
tiles are usually employed, and the effect, 
in conjunction with the dull floated sur- 
face of the cement, shows too great a con- 
trast. If the cement surface were finished 
as before last described, and the tiles were 
not to be glazed, the effect, I feel sure, 
would be extremely good. The small self- 
colored tiles might be used with excellent 
effect as bands and lines instead of incised 
work, or even as a mosaic in panels or 
friezes. I should, however, prefer to have 
them unglazed. The manufacture of or- 
namental tiles has reached so high a pitch 
of excellence, the variety of design and 
color is so great, the texture and color of 
the cements may be made so suitable, and 
the fixing is such a simple matter, that I 
think every inducement exists for the 
employment of the two materials together. 

Cement work may be ornamentally 
treated by a kind of stencil process, which 
is almost as rapidly executed as ordinary 
paint stencilling, and it can be done by 
experienced workmen almost as cheaply. 
A stencil plate having been cut to the 
required pattern, and of the necessary 
thickness (according to the relief wanted), 
it is laid over the ground, when the latter 
is sufficiently set to allow of its being 
worked; but as soon as possible after the 
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general surface is laid on, colored cement, | ment of cement fronts, and that wrought 
or, of course, the same colored cement as| and stamped devices might be used in 
the ground, is then filled into the perfor-| almost an exactly similar manner, and 
ations of the plate, and floated off flush | also that various patterns and ornaments 
with its upper surface; the plate, on being | might be worked in a different-colored or 
removed, leaves the pattern as shown in | different-textured material, much in the 
the specimens on the table. If the ground | same manner as in the old work. Much 
is roughed for an extra “key” to the| information and many suggestions for the 
stencilling by picking through the pattern | treatment of cement fronts may be ob- 
of the plate before filling in, great extra tained from a careful study of old plaster 
durability results, and, as the ground is| work. All fresco decoration and other 
hardly set, the stencilling sets and hard- | artistic painting on cement surfaces is it- 
ens with it, so that.a most durable kind | self a distinct art, which it would hardly 
of ornamentation is obtained. This plan | be within the scope of this paper to con- 
could be adopted to any extent, and pat- | sider. 
tern over pattern might be stencilled, and! Cement surfaces may also be ornament- 
different colors might be used to the | ed by hand with a trowel-point, or with a 
extent of many layers, as shown in the | pointed lath, the patterns being scratched 
specimen on the table—[showing a green | on the surface much in the same way as 
ultramarine ground colored with various is often to be found on old plaster work, 
colored cements filled into a second sten- | and as revived by Messrs. Shaw, Nesfield, 
cil plate. ] | and others. A specimen of this work can 
A periectly legitimate method of en-| be seen on one of the most charmingly- 
riching a cement surface would be to/ designed lodges I have ever met with ; I 
stamp thereon patterns in bands, or as a| refer to the lodge at the southern end of 
diaper in low relief as it is setting, and| the Broad Walk in the Regent’s Park. 
unquestionably the result would be satis- | The best art work might be produced by 
factory. Enriched surfaces of this kind, | hand in this way at but a comparatively 


using different dies, and doing the work | small expense, and colored cements might 


by hand, so as to give a slight variety of advantageously be used with them. 
texture, could not fail to have an exceed-| My paper will probably hardly be con- 
ingly good effect. Metal dies with polished | sidered complete unless I take some notice 
faces would give the best results. Some | of cement cast work. Of course I should 
time ago Mr. Ferrey, in a short paper | entirely eschew the use of cast work in all 
read before the Institute, advocated this | forms properly belonging to stone treat- 
method of decorating the ordinary stucco | ment. The use of the wonderful capitals 
work of churches and other buildings. I | and ornamental brackets that are now so 
am not aware if he has employed it, nor| much employed would demoralize the 
can I say whether in stucco the effect he | effect of (in other respects) the best- 
expected to obtain was gained. I have no | designed cement building; but cast work 
doubt, however, that such a method could | might perhaps be permitted in such posi- 
be employed in the treatment of a cement | tions as might be suitable for encaustic 
surface. | tiles, or series of geometrical patterns in 

A much more elaborate and expensive bands and small panels. Personally, how- 
method of ornamenting cement surfaces | ever, I should try to avoid its use, and 
has been to my knowledge employed with | depend upon some one or more of the 
a view of its being used as flooring. The | processes before indicated for my effects. 
pattern or patterns were cut out of the | All hand-modelled work on the building 
cement when set, and colored and stamped | itself could, of course, be used, although 
patterns filled in, the general surface being | in so quickly-setting a material there is 
ground to preserve its color, but all at-| not much scope for any elaborate work of 
tempts to bring it into use were aban-| this kind. 


doned, on account of the great cost in- 
volved in its manufacture. 

I imagine that all the processes used in 
the ornamentation of old plaster work, 
and known as “pargetting,” might with 
equally good effect be used in the treat- 


In conclusion, I am anxious to impress 
upon this meeting that I do not advocate 
the use of Portland cement architecturally ; 
I consider that we have other materials 

'which we can use to much better ad- 
| vantage; but I do wish to point out 
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strongly to the members of this Associa- | pelled to use it, endeavor to our utmost 
tion the fact that we, as artists and | to give it a suitable and distinctive treat- 
architects, must, whenever we are com-| ment. 





EXPLOSIVE COMPOUNDS—ESPECIALLY DYNAMITE AND NITRO- 
GLYCERINE. 


From the ‘‘ Journal of Applied Chemistry.” 


| 


Lieutenant Trauzl, of the Austrian En- 
gineer Service, has prepared a useful 
manual on the comparative value of gun- 
cotton, dynamite, nitro-glycerine, and 
other explosive compounds; a translation 
of a portion of which by Mr. Elywn Wal- 
ler, of the Columbia College School of 
Mines, we find in the “American Chemist” 
for May, 1871. As we have not the 
original pamphlet before us, we shall 
make free use of Mr. Waller’s admirable 
translation. Lieutenant Trauzl points 
out some of the leading defects of gun- 
powder as follows : 

1. Difficulty in obtaining a uniform 
product. 2. Danger in manufacturing, 
working, storing, transporting, and apply- 
ing it. Sixteen per cent. of the powder 
mills in France are said to blow up annu- 
ally. 3. Deterioration from age and 
transportation, due to pulverization and 
exposure to moisture. 4. Inferior ex- 
plosive power disproportionate to the re- 
quirements of the civil and military ser- 
vice. 5. Difficulty of employing it under 
water. 6. Noxious character of the gases 
produced by the explosion. 

The author then gives an account of the 
experiments conducted in Europe to test 
the merits of gun-cotton and other explo- 
sives. The French Commission of 1846 
reported unfavorably to the application of 
these materials, as having no advantages 
over gunpowder then in use. In England 
experiments conducted up to 1854, led to 
a report of a similar tenor. The Prus- 
sian trials for military purposes, instituted 
at Mayence, were interrupted by the revo- 
lution of 1848, and the Government finally 
abandoned the idea of introducing gun 
cotton into the artillery service. Austria 
has clung to the proposition to use gun- 
cotton longer than the other nations, for 
the reason Baron Lenk introduced some 
improvements in its manufacture, and the 
commission appointed to investigate the 
subject, reported that the improved arti- 
cle was superior to gunpowder for use in 





artillery, hand-grenades, shells, military 
mines, and blasting. In consequence of 
two fatal explosions in 1862, a second 
commission was ordered to investigate the 
subject, and they reported that gun-cot- 
ton did not possess the necessary stability 
for use in military operations. ‘There was 
still a limited use for shrapnels and engi- 
neering purposes, until a more destructive 
explosion in 1865, practically put an end 
to its use in Austria. In 1864, Nobel, a 
Swedish engineer, brought nitro-glycerine 
into notice, and about the same time a 
powder, composed of picrate of potash 
and nitre, was invented by Designolle, a 
French chemist. This latter powder was 
not favorably received at the time, but 
during the recent siege of Paris, it has 
been employed to great advantage. 


NITRO-GLYCERINE AND ITS MIXTURES. 


The method of making nitro-glycerine, 
as practised by Kopp in the department 
du Bas Rhin, is as follows: Fuming nitric 
acid of 40.50 deg. B., is mixed with mod- 
erately concentrated sulphuric acid in a 
sandstone jar surrounded with water, in 
the proportion of one part by weight of 
nitric acid to two of sulphuric acid. Then 
commercial glycerine, which must be quite 
free from lime and lead, is evaporated 
down to 30.31 deg. B., and cooled ; 3,000 
grammes of the mixture of acids is then 
placed in a suitable vessel, which is kept 
cool by some artificial means, and 500 
grammes of glycerine run into it, with 
frequent stirring. The temperature should 
not be allowed to rise above 20.30 deg. C. 
The mixture is allowed to stand from 
about 5 to 10 min. after all the glycerine 
has been added, and then 5-6 times its 
volume of water added. The nitro-gly- 
cerine settles at the bottom, and can be 
readily washed by decantation until the 
wash water gives no acid reaction to lit- 
mus paper. To render nitro-glycerine 
unexplosive while being transported, No- 
bel dissolved it in methyl alcohol (wood 
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spirit), which may be made to precipitate 
the nitro-glycerine, when it is required 
for use, by dilution with 6-8 times its bulk 
of water. This method is somewhat ob- 
jectionable on account of the volatile na- 
ture of the methyl alcohol. When frozen 
it must be thawed out in warm water. 


DYNAMITE. 


Nobel invented dynamite, which is a 
mixture of 75 per cent. of nitro-glycerine 
with 25 per cent. of infusorial silica. The 
silica renders the powder less liable to ex- 
plode from concussion. This is the dy- 
namite proper, but dynamite is also used 
as a generic name for other mixtures of 
nitro-glycerine, as colonia powder, which 
is gunpowder with a mixture of 40 per 
cent. of nitro-glycerine ; dualine, which 
contains 30 to 40 per cent. of nitro-glyce- 
rine mixed with sawdust saturated with 
nitrate of potassia ; lithofracteur, which 
contains 35 per cent. of nitro-glycerine 
mixed with silica, and a gunpowder made 
with nitrate of baryta and coal. 


LITHOFRACTEUR. 
Lithofracteur is composed of— 


Nitro-glycerine 
Infusorial silica and sand......... 
Carbon 

NaO NO® formerly Ba ONO® 
id as emeenesansson 


52 per cent. 
30 > 


see 


Its advantages, as compared to dynam- 
ite, are: 1. Greater sensitiveness to tem- 
perature, exploding at 120 deg., while dy- 
namite explodes at 190 deg. 2. Greater 
sensitiveness to moisture from the pres- 
ence of the hygroscopic nitrate of soda. 
3. The gases from the explosion always 
contain carbonic oxide from the carbon in 
the compound. 4. For equal volumes it 
has the less explosive power. 


DUALINE. 


Dualine is superior to lithofracteur; its 
composition is : 


Nitro-glycerine 
Fine sawdust 


50 per cent. 
380 “ 


“ee 


Compared with dynamite, itis: 1. More 
sensitive to heat and also to mechanical 
disturbances, especially when frozen, when 
it may even be exploded by friction. 2. 
The sawdust in it has little affinity for the 
nitro-glycerine, and at best will hold 40 to 
50 per cent. of nitro-glycerine, and on this 





account very strong wrappers are needed 
for the cartridges. 3. Its specific gravity 
is 1.02, which is 50 per cent. less than 
that of dynamite ; and as nitro-glycerine 
has the same explosive power in each, its 
explosive power is 50 per cent. less than 
that of dynamite. 4. The gases from ex- 
plosions, in consequence of the dualine 
containing an excess of carbon, contain 
carbonic oxide, and other noxious gases. 
Lithofracteur and dualine, however, can 
be exploded when frozen by means of an 
ordinary fulminating cap, which is not 
the case with dynamite. 


NITRO-GLYCERINE, 


Nitro-glycerine is an oily liquid of a sp. 
gr. of 1.6, having a sweet aromatic taste, 
colorless when pure, but as manufactured 
is usually light yellow. If heated up to 
100 deg., no change takes place ; heated 
gradually to 193 deg., it is decomposed, 
losing its explosive power. When not 
under pressure it burns quietly. Heating 
when confined may create a partial de- 
composition, and an explosion from the 
pressure thus generated. An electric 
spark will pass through it without caus- 
ing explosion unless a series of sparks are 
passed through it until decomposition is 
caused and heat generated. Fire alone, 
ordinarily, will not explode it. Jarring 
nitro-glycerine, even when at a tempera- 
ture of 50 deg. C., will not explode it. 
Explosions occur: 1. When confined and 
heated to 180 deg. C. 2. If struck so as 
to create heat and pressure; percussion 
causes it to explode with difficulty when 
frozen, which takes place at 8 dey., but 
striking it when in that state with a sharp 
hard substance, as a pick, will then easily 
explode it. Most of the accidents with 
nitro-glycerine are the results of careless- 
ness. According to Bolley, Kundt, and 
Pestalozzi, dynamite explodes: (a) by a 
considerable increase of temperature when 
confined ; (b) by the action of intense 
light when confined, caused by the heat 
evolved ; (c) by a heavy blow when con- 
fined, or, when unconfined, between hard 
substances ; experiments on this subject 
show that between iron and iron, if the 
blow is sufficiently heavy, an explosion 
usually occurs; between iron and stone it 
is uncertain; and between iron and wood 
none will take place; (d) by electricity, if 
the action is kept up to decomposition of 
the explosive; (e) by spontaneous decom- 
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position which was not attained experi- 
mentally, in which respect it is much less 
dangerous than nitro-glycerine. 

In Sweden alone, up to the close of 
1868, over 300,000 lbs. of nitro-glycerine 
were used, and the factory at Hamburg 
manufactured monthly over 30,000 lbs. of 
dynamite. 

The decomposition of nitro-glycerine, 
as of gun-cotton, under ordinary temper- 
atures is very slow, gradual, and quiet. 
Fumes mostly nitrous, are given off, the 
nitro-glycerine turns greenish, then ni- 
trous oxide and carbonic acid form, finally 
crystals of oxalic acid appear, and some 
months after the beginning of the decom- 
position the whole becomes a jelly-like 
mass of oxalic acid, water, ammonia, etc. 
The evolution of gas was rapid enough to 
generate the heat and pressure necessary 
to explode the compound. 

Nitro-glycerine, when taken into the 
stomach, is poisonous, but not fatal, even 





in large doses. Caustic, potass, and hy- 
driodic acid are antidotes, but cannot be 
used for internal application. Those who 
work in it should wear gloves, and when 
they leave their work to eat, should wash 
their hands in a weak solution of caustic 
potassa, and then in water; 1 part of 
nitro-glycerine is soluble in 800 of water, 
which is then injurious to health for ex- 
ternal or internal application. If, in using 
the substance, a blast is fired improperly, 
i.e., some of it is fired by the fuse and not 
by the fulminate, carbonic oxide and ni- 
trous oxide are formed, which are injuri- 
ous to those who breathe them ; but if 
the fulminate alone explodes the ’ charge, 
the resulting gases are principally car- 
bonie acid and oxygen, which do no harm. 
Good ventilation in mines, ete., where 
nitro-glycerine is used, should alw ays be 
kept up. The gases resulting from the 
explosion of gun-cotton are about the 
same as those from nitro-glycerine. 


Explosive Power. 








Powder. Nitro-glycerine. | Gun-Cotton. 





Mixture of gases in c c. at 0° temperature produced by 1 


gramme of the explosive 
Temperature of these gases in degrees Centigrade 


Theoretical maximum pressure in atmospheres (1 kilo-| 


gramme to 1 square centimetre) 


Theoretical maximum power per kilogramme of explosion| 


in kilogrammetres 


2,000 1,200 
5,200 4500 


26,000 15,300 
42,000 400,000 200,000 











From this it appears that for nitro-gly- 
cerine the theoretical maximum pressure 
is six times, and the theoretical power is 
ten times that of gunpowder. Piobert 
says that gun-cotton burns eight times as 
rapidly as gunpowder, and nitro-glycerine 
burns still more rapidly. Dynamite, it 
has been found, explodes downward, and 
needs but little tamping. The tendency 
developed toward cleaving and splitting 
radially around the shot in the direction 
of the weakest lines of fracture. In com- 
pact stone, even with but little tamping, 
the tendency is tocrushing. Strong, slow 
burning explosives split the stones less, 
but have less power in compact masses of 
stone, though under any circumstances, 
where gunpowder is used, deep tamping 
is necessary. Ordinary blasting powder 
is of no value in such stones. Strong ex- 
plosives diminish the work of boring. In 
soft loose earth, strong and quick burning 
explosives are poor, a strong slow burning 





powder being needed. With such explo- 
sives us dynamite, the more consistent the 
earth the better the results. In blasting 
with dynamite the shot may be placed 
perpendicular to the surface, or in the di- 
rection of the weakest part, with good 
results. Hard tamping is unnecessary ; 
natural cracks, druses, are not detrimen- 
tal to the effects of dynamite. The holes 
need not be so deep for dynamite as for 
gunpowder. If frozen, the dynamite should 
be carefully thawed out by warm water, or 
a stronger fulminate should be used. For 
blasting in water or watery rock, only the 
fulminate need be protected, unless the 
cartridges are to remain in water some 
time, when endosmose might set in 
through the parchment paper walls of the 
cartridge, and the nitro-glycerine be en- 
tirely repiaced by water. The other nitro- 
glycerine powders are as susceptible to 
water as gunpowder; moreover, their ex- 
plosive power is less than that of dynam- 
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ite, inasmuch as they contain a less per- |rendered safer for transportation and 
centage of nitro-glycerine. Gun-cotton | keeping than gunpowder. 3. The loss 
must always be protected from dampness | from decomposition is less than the: dete- 
when it is to be used. rioration of gunpowder by pulverization 
Dynamite saves 30 per cent. and nitro-| and dampness. 4. For equal weights, dy- 
glycerine from 30 to 40 per cent. more | namite has from two to ten times the 
than gunpowder, in time, labor, and tools. | strength of gunpowder ; for equal vol- 
It is calculated for blasting in moderately | umes, four to sixteen times. In the use 
hard syenite a saving of 33 per cent. is | of dynamite, 20 to 40 per cent. of expense 
effected by the use of dynamite; in close | and 40 to 70 per cent. of time is saved. 
grained syenite or pure granite 42 per| For equal weights dynamite removes 5 
cent., and in feldspathic or quartzose rock! to 6 times as much rock as powder, 
45 per cent. Experiments show that for | for equal volumes 8 to 10 times. 5. In 
equal quantities of nitro-glycerine and | water or rock impregnated with water, 50 
powder used, the former loosens five to six | per cent. of expense, and 100 per cent. of 
times as much rock as gunpowder. Dynam-| time is saved by the use of dynamite. 6. 
ite and nitro-glycerine throw pieces of rock | The gases resulting from the explosion of 
to a less distance than gunpowder, and | dynamite are much less noxious than 
are therefore safer for blasting near dwell- | those from that of gunpowder. 
ings ; larger pieces of stone are split off} A comparison of dynamite and gun-cot- 
by them, which may be more readily used | ton gives the following results: 1. For 
for building stone, ete. In blowing up | equal volumes, gun-cotton is less powerful 
embankments, nitro-glycerine is weaker | than dynamite by 30-40 per cent. Gun- 
than powder, but it is good for counter-| cotton costs 20-30 per cent. more than 
mining in military operations. Dynamite|dynamite. 3. Gun-cotton for marine 
has been suggested for use in felling large | blasting, has all the disadvantages of gun- 
lumber, and displacing roots of trees; by | powder. 4. The gases from the explosion 
its aid also the strongest iron construc-| of dynamite are less noxious than those 
tions can be burst. As it is unaffected by | from the explosion of gun-cotton. 5. Gun- 
water, it could effectively be used for tor- | cotton is more sensitive to heat and me- 
pedoes. Where several shots in a blast| chanical derangements than dynamite. 
have to be connected, tubes filled with | Dynamite is also easier of preparation. 
dynamite running from one to the other; The disadvantages of dynamite are: 1. 
will give a more simultaneous explosion. |The easy separation of nitro-glycerine 
Nitro-glycerine, etc., should not be/| from the silica by water, in case the car- 
transported or kept with other explosives, | tridges, permeable to water, are left for 
as gunpowder, petroleum, spirits, etc. The | some time submerged. 2. Becoming hard 
fulininate for firing the cartridge should | at a temperature which causes difficulty 
also be kept separate. Small quantities | in working and using it. 
are best kept in an underground apart- 
ment. Larger quantities should be kept 
in low buildings of wood, about which 
earth has been heaped, which should be | © GERMAN Tron Trape.—The German 
from 1,000 to 2,000 paces from any dwell-| -L_ rolling mills are generally well pro- 
ing. Ifthe nitro-glycerine powder com-| vided with orders, as a good deal has to. 
mences to decompose and give off fumes, be done to meet the demand for railway 
water should be poured over it, and it materiel. The demand for engines and 
should then be covered with earth. Com- machinery, which had been much de- 
plete directions for transportation, preser- pressed, is also reviving. 
vation, and use, should accompany every 
lot of nitro-glycerine compound sold. 











ig has been ascertained from official 
sources that 1,223 houses were de- 

1. The preparation of nitro-glycerine, | stroyed during the two sieges of Paris, the 
and the explosive mixtures of which it! cost of reconstruction and reparation of 


RESUME. 





forms a part, particularly dynamite, is | which will be 445,000,000 francs ; this is 
simpie, safe, rapid, and gives a uniform ' exclusive of the movable property, jewels, 
product. 2. These preparations can be’ and articles of art. 
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ANIMAL MECHANICS. 


From “The Engineer,’? 


Last Tuesday afternoon the Rev. Sam- 
uel Houghton, M. D., Dublin, D.C. L., 
Oxon, F. R. S8., gave the first of 3 lectures 
at the Royal Institution, on “The Prin- 
ciple of Least Action in Nature, illustrat- 
ed by Animal Mechanics.” 

Dr. Houghton said that he would give 


FIG.I. 





a few examples to show what he meant by 
“The Principles of Least Action in Na- 
ture.” If we suppose the earth to be a 
lazy, intelligent, living animal, swimming 
round the sun, we only require to know 
the points A, B, S (Fig. 1), to mathemati- 
cally calculate its whole orbit, on the as- 





sumption that it is a living animal swim- 
ming round the sun in such a way as to 
get through its journey with the least 
trouble to itself. On the same principle 
his hypothesis was that in every arrange- 
ment of joints, muscles, bones, and parts, 
the arrangement must be such that the 
muscle will occupy exactly the position it 
would take if it were a living intelligent 
animal, which had sought the place where 
it could do its work with the least trouble 
to itself. By means of the hypothesis it 
is possible to calculate the position of the 
bones, sockets, and muscles, and it is one 
which he believed would prove to be a 
valuable key to unlock the secrets of ani- 
mal mechanics. 

He would give another illustration. 
Let A, F (Fig. 2.), be a ray of light pass- 
ing through air, and striking the sur- 
face, D D, of a block of glass; the ray is 
refracted by the glass in the direction F 
B. Ifthe ray be assumed to be a living 
thing, trying to take the path which will 
give the least trouble to itself, its path can 
be predicted mathematically on such an 
assumption quite as accurately as by the 
laws of refraction. 

He would give a third illustration. One 
day he watched some oyster women in 
the Mumbles harbor, near Swansea. 
They filled their baskets with oysters, and 
then the ground they had to traverse 
consisted of two parts. The first part 
consisted of slippery shingle, and the se- 
cond of plain common. The line, D D 








(Pig. 2), would serve to show the division 
between the shingle and the common, and 
A the position of the oyster women. 
They were thus placed in the same posi- 
tion as the ray of light in the preceding 
illustration, but what surprised him was 
that they did not walk straight to the 
common as he would have done, but went 
off in a slanting direction, and made a 
“tack.” After seeing this he measured 
the angles made by their path, and by the 
one he would have taken ; then he ma- 
thematically determined the relative 
roughness of the two roads, and found 
they had chosen the best they could pos- 
sibly take to save unnecessary waste of 
power. He did not suppose they had any 
more consciousness that they were doing 
so than the planet or the ray of light al- 
ready mentioned ; they were not, how- 
ever, lazy animals, but good industrious 
women, doing the maximum of work 
with the minimum of effort, their path be- 
ing determined by Him who made them. 

As another illustration, he would call 
attention to the hexagonal cells made by 
the bee, whereby the largest quantity of 
cell-space is made with the minimum 
amount of wax. 

Nature, or the intelligence which under- 
lies nature, has to produce a certain 
amount of muscle to do a certain amount 
of work, so it is obviously to the interest 
of the creatures formed by nature to do 
their work with the least possible quantity 
of muscle. 
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Before it is possible to advance one step | He not only had to determine the power 
in the scientific investigation of animal | of the muscles of young healthy ‘men 
mechanics, it is necessary to ascertain the | during life, but to measure their dimen- 
coefficient of muscular force. In the cise | sions after death. Many of his examina- 
of a rope its coefficient would be the | tions after death were necessarily made 
number of lbs. weight necessary to break | upon elderly persons, wasted by long 


it across. Suppose a rope, 1 in. sq. in 
cross section, made of muscular fibre, 
wtre hanging from the roof of the theatre 
of the Institution, what weight would it 
lift from the ground by its contraction ? 
That weight would be its coefficient. It 
cost him 12 years of hard work to deter- 
mine this point, and to obtain the follow- 
ing figures for human muscle : 

94.7 Ibs, to 


1104 * 
107.0 * 


the sq. in. 
oc oé 


ce “ 


104.03 Ibs., the real coefficient 
of muscular force. 


Until the foregoing coefficient was ob- 


| sickness, and this tended to give false 
results. He, therefore, to get accurate 
| results, had to watch for chances of ex- 
‘amining subjects who died suddenly by 
violent deaths, or who were executed by 
'the hands of the law, but in Ireland he 
|found many impediments to this line of 
‘action. In the case of violent deaths by 
| accident, the cause of death was usually 
so obvious that the coroner could not 
| order an examination of the remains, and 
the friends of the deceased were usually 
'so anxious to “wake” him, that they 
would not permit scientific dissection of 
|the body. Then as to those who suffered 


by the hands of the law, in Ireland 


tained he could take no steps in the appli- | murders of a social or private nature in- 
cation of geometry to anatomy. He was | curring the penalty of death are almost 
obliged to make his experiments with | ynknown, and men are usually only exe- 
human beings only, because none of the | euted for agrarian crimes ; in such cases 
hairy animals with long tails had intelli- | the criminal has with him the sympathy 
gence enough to aid him by doing what | of such large masses of people that it 
he required of them. As regards men, he | would be very dangerous for a scientific 


had to measure the power of their muscles man to dissect the body of any patriot 


during life and the size of their muscles 
after death. 
a vast number of musvles are brought into 
play, so the difficulty is to ascertain the 


power of each particular muscle, and from | 
such movements the inquirer cannot work | 
back to know the force per unit of cross | 


section of each muscle. 

By work in hospitals, where some of the 
patients suffered from diseases in which 
muscular contractions were a leading 
feature, he gained some of his data, and 
in other directions he sought for more. 
He learned how to work the treadmill so 


as to get through the task with the least | 


trouble to himself, and he could now do 
it in a lazy manner as well as the cleverest 
burglar in London. He also knew the 
easiest part of the wheel to work at. The 
key by which he first obtained a clue to 
these secrets was an ounce of tobacco, 
which key he found competent to unlock 
the heart of the surliest burglars. In 
short, he had been led to think that kind- 
ness might do more with criminals than 
severity, and he found that both English 
and Irish burglars and thieves were much 
better people than he expected. 


Vou. V.—No. 2.—10 


In walking across the room | 


| who has shot his landlord. While beset 
with these difficulties, a clever, but rather 
| wild, scheme entered his head of taking a 
farm at Westmeath, refusing to pay his 
rent, shooting his landlord, and then dis- 
secting the body at his leisure. But he 
saw that certain inconveniences might 
‘attend this plan ; in short, he believed, 
/upon his honor, that public opinion in 
Ireland would not tolerate the shooting of 
‘a landlord in order to obtain the co- 
| efficient of muscular force. 

However, he had at last succeeded in 
obtaining the coefficient, and the use 
which could be made of it he would ex- 
plain in his next lecture. 





'Jixc Propuction or Norra America.— 
4 In 1860, only £15,000 worth of zine 
ore, and £2,250 worth of zinc, were pro- 
duced in the United States ; whereas, up 
to the end of June, 1870, the State of 
Missouri alone produced £6,625 worth 
of zine ore, and £21,250 worth of zine, or 
£10,625 worth more than the whole pro- 
duce of the United States 10 years pre- 
vious. 
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THE ST. CHARLES BRIDGE. 


From ‘Chicago Railway Review.’’ 


It has been scarcely five years since 
iron railway bridges (except suspension ) 
over great rivers were regarded as of 
doubtful practicability, both in their 
scientific and commercial aspects. As re- 
gards suspension bridges, there have 
never been wanting scient fic croakers to 
prove that they could not long bear, and 
business croakers to declare that they 
would not longer bear their own weight, 
to say nothing of that of passing loads. 
Every year the Niagara bridge is bound 
to fall; but somehow it still vindicates the 
engineering skill and the practical sense 
of Roebling. And now every great stream 
is spanned with beam bridges, permitting 
vessels to pass under or through them 
without impediment. The Missouri, Mis- 
sissippi, Ohio, and Hudson will soon be 
bridged at every point which the interests 
of railway transportation demand. The 
Missouri River has five; two, Kansas City 
and St. Charles, completed; two, Leaven- 
worth and Omaha, approaching comple- 
tion; and one, at Glasgow or some neigh- 
boring point, to be begun at once and 
speedily built. Another will be provided 
for very soon at Atchison, and probably 
still another at St. Joseph. 

The Mississippi is bridged at Rock 
Island, Clinton, Dubuque, Burlington, 
Quincy, and St. Paul; and bridges are in 
progress at Hastings, Winona, Keokuk, 
and St. Louis. The Ohio is bridged 
at Louisville, Parkersburg, Bellair, and 
Steubenville, and will soon be at Cincin- 
nati; and at no distant day bridges will 
span the river at Cairo, Memphis, and 
other points. The Hudson is bridged at 
Albany, and will have a railway high 
(suspension) bridge at Anthony’ Nose, as 
was described in last week’s “ Review.” 
Of this score of bridges the average cost 
will probably exceed $1,000,000 each. That 
at Kansas City cost $1,200,000; that at St. 
Charles, $1,800,000; that at Leavenworth 
will cost about $775,000; and that at St. 
Louis $5,000,000. These are large sums, 
swelling to an immense aggregate; but the 
investments representing them are among 
the best ever made in railway construc- 
tion. Simply as investments to the owners 
they are paying properties; while to the 
railway and business interests they are 





beyond price. The want of these now 
would incalculably set back the progress 
of the country during the present decade. 
It would effect a revolution “backward ” 
which would be nearly fatal to commercial 
enterprise under its present auspicious 
conditions of certainty, celerity, and 
economy of transportation. 


HISTORY OF THE ENTERPRISE. 


The second railway bridge, and the fi st 
high bridge, across the Missouri, was 
completed and opened to business May 
29, at St. Charles, as described in our last 
issue. Talked of long before the rebel- 
lion, that event silenced all consideration 
of the project for 5 years. During this 
interval, however, great railway bridges 
had been thrown across navigable streams, 
without impediment to river commerce. 
Kansas City was moving in the matter of 
a R. drawbridge ; and necessity, which is 
the mother of business enterprise as wel! 
as of invention, imperatively demanded 
that a decision to build a bridge of some 
sort here be no longer postponed. In 
1866, the R. Co. offered a premium of 
$1,000 for an acceptable plan, which was 
awarded to Mr. Charles Kellogg, of the 
Detroit Bridge Works, for a Bollman 
Truss—a wooden draw, with stone piers. 
The utter impracticability of this scheme 
became apparent as soon as the character 
of the river at the point decided on (from 
the present ferry landing to the St. 
Charles depot) began to be understood. 
In April, 1868, Mr. C. Shaler Smith was 
invited as Engineer-in-Chief of the Bridge 
Co., to make a thorough survey of the 
river at this and adjacent points, and pre- 
pare plans for a high iron bridge at the 
most feasible crossing. Mr. Smith had 
from 1857 to 1861 been engaged on 
several iron bridges, as an assistant ; from 
the latter date to that of his summons to 
this work, he had been building bridges 
as Chief Engineer, or destroying them as 
a Confederate engineer officer (Captain) 
almost continuously. Associated with his 
brother, he had then built more bridges 
of over 300 ft. span than any other en- 
gineer in this country. Familiarizing 
himself—as eloquently described by Mr. 
Eads in kis address quoted in our last 
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issue—thoroughly with the laws govern- economy of the books ; but the economy 
ing the river at the proposed point, and | of practical engineering is quite another 
mastering all the topographical and | affair. For example, the original estimate 
dynamical conditions, he finally submit- | of cost of pier—$65,000—though large in 
ted drawings and estimates of a structure | the light of all previous experience, proved 
to cost about $1,000,000. The plan being | far too small, in a stream having 40 ft. 
adopted, operations were begun in August, | tise and 43 ft. scour. Pier 5 alone cost 
1868. The first stone was laid in Sept.,/no less than $101,000. There has been 
1868 ; the last in April, 1871. The R. | an expense, apart from direct work done, 
Co. had issued $500,000 of bridge bonds ; | of $7,000 a month merely to “keep things 
but the change in plans rendering this | moving,” where every known condition 
sum inadequate, a Bridge Co. was organ-| was so hard, and so many obstacles still 
ized on a capital basis of $1,000,000. Of| greater were unforeseen. The flood of 
this the R. Co. holds $350,000, and private | July, 1869—destroying the protections of 
citizens $650,000. The company is or- | Pier 4, and the caisson of Pier 3—threw 
ganized as follows : | work back fully 9 months. We present 
President—Wm. M. McPherson. ee oon, Se 
Secretary—Edward J. Mitchell. | ed by the Chief Engineer : 
Ch ief Engineer—C. Shaler Smith. | Length of bridge and iron trestle work, 6,570} 
Directors—James B. Eads, Gerard B, | 1ensth of bride, feet mig 
: : | Earth excavation, yards $54,000 
Allen, John G. Copelin, J. R. Lionberger, | Concrete, yards... ...... 0.002 eeeeceeeee 3,900 
and Wm. M. McPherson. | Piling (lineal), feet... . 103,000 
Lumber and timber. feet 626,000 


The bridge will be operated by the N. | Wrought iron, pounds..........-. ebaiiaine’ 4,454,000 
a Cast iron .... eee 2,769,000 


M. R. Co. as lessees. The rent is at pres- Iron in caissons, pounds ...... .....-+eee0-- 517,000 
ent $150,000 per ‘annum. The operating Masonry in bridge proper, yards 12,000 
of the bridge is equivalent (in time) to a| ag in shore approaches, yards......... -— 
° ° | Riprap in pen foundations, 35,000 
shortening of the road 17 miles. Had} Distance above high water of 1844, feet. .... 5 
Capt. Smith’s proposition been adopted re eo wo water, ; y. = - 
° _ " ordinary water, ne a 
to Carry the iron trestle on a level to the Area of premises on St. Charles shore, acres, . 16 
adjacent bluff, and to tunnel the latter | Average number of men employed 
(under very favorable conditions) near its | — No, steam engines employed at one 


actual shortening of the road by several | 
. . ad . . 7 Y ; « . “3 ~] 23 st. 
miles, besides avoiding ugly grades and | Mr. Smith has had the following assist 


curves. The cost of the bridge has | ante Bi , : 

amounted to nearly double the original| Principal Assistant, in charge of mason- 
estimate—amounting to $1,750,000, in ad- | TY and foundations—Joseph L. Sherrard, 
dition to which there should be still ex- | Assistant in charge of false work and 
pended $65,000 to perfect the protecting | works outside of protection—Capt. C. C. 


works, and finish everything up entirely. | Wrenshall. : ; 
The items of expenditure are : | In charge of office and draughting— 


—— John A. Kay. 
310,000 | Field Assistant—Julius Moulton. 


28,000 | 
Approaches coccesee 125,000 BRIDGES IN GENERAL USE. 
Superstructure 474,000 
ee ida ecilamcdebdichiaonsied sis ccccecese SeeED Mr. Thos. C. Clarke, Chief Engineer of 


Engineering...... 6-5 deb enn on xialerhs nade 15,000 | the C., B. & Q. R. Co., in his very valua- 
The details hereafter given will show | ble treatise on the iron R. bridge built at 
how impossible it must have been to make | Quincy, under his supervision, refers the 
even an approximate estimate of the cost | various combinations of open-work girders 
of the finished structure. No scientific | to three classes : 
prescience, while estimating quite cor-| I. Bowstring, and other parabolic gird- 
rectly the ‘‘ constant” of materials in the | ers. 
bridge proper, could tabulate the uncer-| II. Suspension girders, like the Poll- 
tain “ variables” of ways and means which | man and Fink, in which long tension rods 
have swollen immensely the aggregate of | transfer the weight directly to the abut- 
actual cost. There is an engineering! ments. 


| 
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III. Beam trusses, of which those in 
common use reduce to three classes : 

1. The triangular, in which equally in- 
clined braces, acting alternately as struts 
and ties, transfer the weight to the piers. 

2. The Howe, transferring the weight 
by diagonal struts and vertical ties. 

3. Quadrangular girders, vertical struts 
and diagonal ties ; the former exposed to 
compression, and the latter to tensile 
strains only, the parts in compression 
being reduced to a minimum. 


This last variety of Class III. is ex- | 


emplified in various bridges in general 
use, chiefly those built upon the “ Pratt,” 
“Whipple,” “Murphy,” “ Linville,” “ Low- 
thorp,” and “Post” designs, in all of 
which the same principle is applied under 
different proportions and sections of parts 
and forms of connection. In lattice- 
girders the triangular becomes quadran- 
gular (adopted in the Quincy bridge) 
simply by the addition of the vertical 
post. The lattice-girder is composed of 
a multitude of smail parts (wrought iron) 
connected with rivets. The strains are so 
subdivided, that the breaking of a single 
part is not fatal to the whole. 


In the open work, or skeleton-girder, 








of the prosecution of his magnum opus at 
St. Charles : 

“The books and journals abound in 
theories of trusses expressed in algebraic 
symbols unintellibible to nine-tenths of 
their readers; and, however ingenious 
and even sound the theories reached 
through their complex equation may be, 
they are so entirely disregarded by the 
designers and builders of the structures 


| to which they refer, that they are in effect 


only an agreeable exercise of the faculties 
of the learned men who propound them. 
* %*% * In truth, the conditions of the 
several questions which present them- 
selves in planning a truss are so many, 
and so founded on what the engineer who 
experimentally tests the bridge can alone 
obtain a full knowledge of by noticing the 
effect of passing trains at various speeds, 
that it is not to be wondered at that the 
skilful algebraist, in framing his equa- 
tions in his study from only a general 
idea of the movements which take place, 
should omit some quantity which ought 
properly to enter into them.” 

As the result of his analysis, Mr. Smith 
regards the Fink truss as embodying the 
triangular principle in a form securing 


the parts, not all of wrought iron, neces-| to the parts more freedom of elongation 


sarily) are few, and are connected with and contraction, independently of each 
pins. The advantages of the pin-connec- | other. The feet of the upright post (sup- 
tion will be hereafter stated. In the} ported by the apex of the triangle) are 
Quincy bridge (although the engineer de- | free to move; and, under depression, 
clares, theoretically, in favor of wrought | maintain their position normal to the 
iron parts exclusively), he was led, for| curve of the chord, making the distance 
good special reasons, to introduce cast | from the foot of the post to the points of 
iron also ; and the different spans, 17 in| suspension always relatively the same, 
number, were built on different plans— | and leaving the trusses, whatever their 
quadrangular for the fixed spans of the | position, in equally good adjustability as 
main bridge, and Bollman for the bay-| before the deflection. When this prin- 
bridge, both fixed spans and draw. There | ciple is applied to the overgrade, the fact 
was here an eclecticism which probably | is the same ; in this case, the flooring is 
should characterize the design of any | suspended from the feet of the posts by 
bridge structure consisting of many spans, | compensating links, permitting the same 
built under different conditions. In de-| free motion as before. Mr. Smith, at the 


signing the St. Charles bridge, the Chief 
Engineer, Mr. C. Shaler Smith, pursued 
the same enlightened course. In doing 
this, he exemplified the spirit in which he 
wrote (in 1866) the very remarkable mono- 
graph—“ Comparative Analysis of the 
Fink, Murphy, Bollman and Triangular 
Trusses.” [Baltimore : 1870.] The in- 
troduction contains a paragraph in which 
is stated a practical maxim that would 
seem to have been uppermost in the en- 
gineer’s mind during the entire 3-years 





close of the treatise referred to, summar- 
izes his conclusions, by enumerating the 
four classes, analyzed in their order of 
value for different purposes. 

We condense: Compensation under 
load and charge of temperature—Fink, 
Triangular, Bollman (for short spans), 
Murphy. 

Facility of restoration to proper form, 
after load is removed—Bollman, Fink, 
Triangular, Murphy. 

Weight of load, great in proportion to 
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truss—Suspension best, and Fink variety 
preferable. 

Undergrade of any span ; 

Overgrade of more than 100 ft. span— 
Triangular the best. 

General adaptability, action under 
load, compression under temperature— 
Fink superior. 

Distribution of material, proportionate 
strength to weight, and first cost—Tri- 
angular the best. 

Adjustability—Bollman superior; as 
also for short overgrade span. 

Mr. Smith claims for the Fink truss, 
for spans of 400 ft. or more, the maxi- 
mum economy of material. His reason- 
ing is this : In the Fink overgrade, only 
the chord, main system and pier towers 
are increased in the usual proportion to 
length of span common to all the smaller 
systems ; while the post can be cut off at 
that length in which the requisite 
strength is combined with the minimum 
of material, a suspension rod _ being 
dropped from its foot down to the floor- 

yay. In 400 ft. span, 12} ft. panel, only 
the main and quarter posts are of the 
full weight of the truss; the rest are cut 
off at the point necessary to bring the 
tension bars of the system supporting 
them to the angle of 45 deg. with the ver- 
tical lines of the posts. This secures a 
material saving in iron in long spans, as 
is illustrated in the following tabular ex- 
hibit, which we compile : 


Length of 
span, 


Weight per 


Bridges. lineal fuot. 


400 feet. 
387“ 
313“ 
320 


Dirschau Bride, Prussia... 
Cologne ....... pence sens 
Steubenville 








On a 375-ft. span, the Fink and Trian- 
gular coincide in cost.* 
The Fink bridge is simply a double 





* Of course, in the above, we are simply quoting Mr. 
Smith, For the valuabie treatise, we are indebted to Mr. 
Benjamin H, Latrobe, of Baltimore, from whom we received 
it several months ago, We canuot refiain from adding here 
an extract from a brief review of Mr. Smith's monograph, 
from the pen of Mr. Latrobe, in which fitting recognition is 
ma te of its dispassionateness and equitableness : 

“He does not make himself the champion of any one 
model, but fairly sets forth the properties of each. * * * 
He does not disparage any, but temperately poiuts out what 
be regards as its deficiencies, admitting that bridges can be 
made strong and safe even upon the plans he considers most 
Open to objection, and bringing their respective claims to the 
test of economy in construction aud maintenance,” 





Warren. The principle of the Kansas 
City bridge is identical, except that it has 
an additional end panel and a counter- 
rod (tie) running down in every direc- 
tion. The St. Charles bridge is stated by 
Mr. Smith to be the first exemplification, 
on a large scale, of the Pin Joint, pure 
and simple. The post fastens to a pin, 
both at the top and bottom, and the en- 
tire span consists simply of a multitude 
of parts connected by free-acting joints.* 
The aim has also been to concentrate 
materials to the utmost in large masses; 
to duplicate parts only when unavoidable; 
no post is made in two pieces—additional 
stiffness, with less weight, being secured 
by combining two posts in one. Theie is 
a complete double system of lateral 
bracing for both posts and chords. The 
structure is, in a word, a continuous 
one in principle; and so completely is it 
one in fact, that whatever calculation— 
whether of safety or danger—applies to 
any portion applies to the whole. Instead 
of being “no stronger than its weakest 
part,” every part is as strong as the whole. 
At the end of two days of passing and 
repassing, with passenger cars, coupled 
engines, and long freight trains, we were, 
it is true, unable to entirely get rid of the 
physical nervousness which attended the 
climbing for the first time of the “gossa- 
mer-like ” (appropriately so characterized 
by Col. Eads) iron trestle leading to the 
airy spans over the stream; but with 
every scientific demonstration—and Mr. 
Smith favored us with such very patiently, 
more than once—that no section could 
move except as the whole moved, and that 
the whole could not be moved by any 
weight that could be placed upon it, or by 
any ordinary natural force that could be 
impelled against it; and especially with 
every actual experience of the absolute 
stability not merely, but the literal “ un- 
shakeableness ” of both trestle and bridge 
span beneath the heaviest train—one 
learns to less and less take counsel of his 





* Mr. Clarke, in his treatise on the Quincy Bridge (p. 18), 
gives the following summary of the advantages of the open- 
work girder with pin and screw connections : 

‘*No deduction being necessary for rivet holes, nearly the 
full sectional area of the iron can be utilized, and a briige 
carrying much less dead weight can be coustructed on this 
than on any other plan, 

“From the fewer number of parts, better workmanship 
can be obtained, with less exposure to rust, 

“ A bridge with pin conn-ctions can be put together in one- 
fourth of the time required to build a riveted lattice-girder, 

** Pin-connections were adopted, therefore, in the Quincy 
bridge, on the ground of durabi.ity, economy, and celerity of 
construction.’’ 





132 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 





fears, and reposes very much the same 
unstudied faith in the stability of the 


MAP SHOWING LOCATION 


CHARLES 
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In describing the plan of St. Charles 
bridge and approaches, we naturally be- 
gin at the south end, at which we approch 
it from St. Louis. A reference to the 
map exhibits the line of the road before 
reaching the valley, as parallel with that 
of the bridge. The distance between the 
two parallels is 3,000 ft. This circum- 
stance—-and not, as might naturally be 
supposed, the necessity of reaching the 
bridge-level—renders necessary the curves 
on the approaches. The centre of the 
bridge is 53} ft. above the road grade. 
The length of the southern approach is 
about 1 mile. In this distance there is a 
rise of 52 ft—1 in 100, the maximum 
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structure that he does in the “ uniformity 
of nature.” 


OF ST. CHARLES BRIDGE. 
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grade of the road. On the north side the 
bridge-level is reached with a similar 
grade in about half a mile, the ascent be- 
ing 254 ft. On the south side there are 
two 4- -deg. curves—one on embankment, 
one on trestle; on the north side there is 
oue 4-deg. curve, partly on embankment, 
partly on trestle. 

Leaving the road-grade, going north, 
the approach to the bridge consists first 
of 1,700 ft. of embankment, rising to a 
height of 28 ft. At this point the iron 
trestle is reached, 2,880 ft. long. Passing 
to the bridge, piers 8, 7, and 6, support 2 
| Fink deck spans of 406 ft. each. This 
brings us to the first channel span, also 








Fink deck, 306 ft. resting, on piers 6 and 5. 
Piers 4, 3, and 2 are the deep water piers. 
On these—piers 5 to 2—rest 3 spans 
(Trellis girder), from 321} to 318 ft. long. 
Resting on piers 2 and 1 tat north shore) 
is a Fink deck span 304 ft. Leaving the 
bridge we pass down the grade on 1,700 ft. 
of iron trestle; thence down embank- 
ment, 28 ft. high, grade continues 900 ft. 
to the road level. 

The height of the bridge (clear) is 50 ft. 
above high water, and 90} ft. above low 
water. The 3 deep water spans give a 
clear water way of 900 ft. This broad 
channel is secured to the navigation in- 
terest, as long as “wood grows (to build 
boats with) and water runs” (to float 
on); and in this channel, though “ crib- 
bed, cabined, confined,” the tawny mon- 
ster may yet wander at his own fierce will, 
sporting tumultuously in vast beds of 
ever-shifting sands. This bridge should 
be noted as the only one yet built which 
gives to navigation more than 2 channel 
spans. The Louisville bridge has 2; as 
have the B & Ohio R. bridges recently 
built at Parkersburg and Bellair. 


RIVER BOTTOM. 


The current at this point has a velocity 
of 9} miles per hour. 

Immediately below the water, sand is 
encountered, varying in depth from 4 to 
38 ft.; below (after sometimes passing 
heavy drift masses) there is a layer of 
boulders about 21 ft. thick, interspersed 
with sand strata of from 6 to 18-in. thick- 
ness. The boulders are of every variety 
of rock found west to the summit of the 
Rocky Mountains. This deposit lies per- 
manently on the bed-rock, the depth of 
which below low water, at the different 
piers, numbering from the north side, is 
pier No. 1, 11 ft.; No. 3, 18 ft.; No. 4, 
49 ft.; No. 5, 68 ft.; No. 6, 72 ft.; No. 7, 
76 ft.; No. 8, 71 ft. 


SUBSTRUCTURE. 


Columns and Piers.—The columns of the 
iron trestle approaches, rest on concrete 
abutments from 18 to 22 ft. high (appear- 
ing but a few feet above the surface of the 
ground), which are surrounded by dykes, 
28 ft. broad on top, which is 3 ft. above 
high-water mark. The river can never, it 
is seen, flow over the sand bottom over 
which the approach is made; but is kept 
between the channel piers, securing under 
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all circumstances of high water or low a 
straight channel. The piers supporting 
the bridge are 9} ft. thick under the lower 
coping, and 12 ft. across the coping. 

The piers were all located by direct 
measurement. For this purpose fine steel 
piano-wire was used, having a weight at 
each end, and dynameter, spanning readily 
600 ft. Intermediate piers were located 
from two opposite breakwaters, the wire 
having the same strain. 


SINKING THE PIERS. 


We take the piers in the order in which 
they are numbered, from the north. 

Pier 1.—This was sunk without diffi- 
culty, in three weeks, by means of the 
ordinary short pile coffer-dam. 

Pier 2.—A caisson dam was used in 9 
ft. of water; and an excavation, 6 ft. 
further, was made in the bed rock. The 
work occupied but 25 weeks. 

Pier 3.—A caisson dam was used, 
packed outside with concrete. An attempt 
being made to pump out the water, the 
bottom blew up, on account of resting on 
a ledge of friable limestone. Excavation 
was then carried on under water by 
divers, through this rotten stone to the 
depth of 7 ft.; and the space was after- 
wards walled up with masonry laid under 
water, with concrete backing. When the 
caisson was again ready to be pumped 
out, the great flood of July, 1869, came. 
The drift islands (one 300x400 ft. in extent) 
packed one upon another, crushing it to 
atoms. But the foundations remained 
intact, and when the water went 
down, a caisson boat was floated to the 
spot on which the pier was built, gradu- 
ally sinking to the foundation. Work 
was prosecuted on this pier fully one 
year. 

Pier 4.—A bottomless caisson, having 
double walls, with stone packed between, 
was sunk to the bed of the rock, by dredg- 
ing inside the caisson. This was exceed- 
ingly difficult, on account of the mass of 
drift and boulders encountered. The 
method was adopted of feeding boulders 
and sand to the dredges by means of very 
heavy jets. It became necessary to use a 
1} in. jet from a No. 8 Cameron pump, 
12 in. diam., 2} ft. stroke, 18 in. cylinder; 
the pressure averaging from 80 to 110 lbs. 
When the boulders proper were encoun- 
tered, the bucket was taken out of every 
other dredge, and a claw of 2x4 in. iron 
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attached in its place, to bring up the stone. 
The divers were also employed the whole 
time. A 12 ft. cement foundation was 
then built under water. To this the pier 
was lowered through the caisson (as 
through a tube) by means of 44 screws, 
21 diam., keeping the top of the pier 
above water. This caisson was an im- 
mense structure, its dimensions being 54 
ft. deep, 68 long, and 24 wide. Work on 
the pier extended over a period of 7 
months. 

Pier 5.—This pier was sunk by pneu- 


matic pressure through 68 ft. of sand and | 


boulders. The difficulties encountered 
were equally serious with those above 
described, and wholly different therefrom. 
Work was begun in 2 ft. of water, the 
river bottom at that time being simply 
a sand-bar. Simultaneously with the 
work of lowering the crib, there began a 
dissipation of the sand-bar forming the 
bed ; and the recession kept on until the 
crib had to be lowered 30 ft. before the 
sand was reached. The caisson was built 
on a pontoon at the shore. A flat boat 
was brought and placed athwart the cur- 
rent, having 2 16-in. pumps, with jets 
running from it directly across the bar. 
Divers beneath the water directed the 
jets, driving the sand_into the river-cur- 
rent, thus working an opening across the 
bar. To appreciate the magnitade of these 
operations, the reader should understand 
that a sand-bar 90 ft. long was thus exca- 
vated under wiler, in a swift current, to a 
depth of 4 ft.in 16 hours. The excavation 
being accomplished, the pontoon bearing 
the caisson was floated to the spot, and 
the caisson supported by screws. The 
work of sinking progressed favorably toa 
depth of 31 ft. from the surface, 16 ft. of 
which was through the sand-bar. At this 
stage came the same flood of 1869, above 
spoken of. It drove a sub-current of 
water diagonally, scouring under the 
caisson, and causing ‘it to pitch forward 
continually. The excavating work of the 
current under one end of the caisson had 
to be supplemented with that of men bur- 
rowing under the structure at the other, 
removing the sand from beneath the down- 
stream end. It was possible to work but 
24 men at once, but this number was kept 
continuously at work day and night. A 
half hour’s cessation of work with this 
force would have placed the caisson at the 
mercy of the current, and it would have 


toppled over and been swept away. Do 
the best they could, it was moved from 
its designated place 3 ft. backward, and 2 
ft. sideways. The work of sinking the 
caisson occupied 49 working days, day 
and night. The bottom once reached, the 
rock was cleared off, and there was no 
other trouble. 

Pier 6.—A bottomless caisson was sunk 
30 ft., and along with it a protecting ring 
of riprap, 88 ft. in diam. The same pro- 
cess was employed in 

Piers 7 and 8, each of the three being 
under construction about 6 months. Work 
was prosecuted at one time on 4 piers. 
Seven pile-drivers were operated. The 
piles ; (sycamore wood, exclusively) were 
|2 ft. diam., and from 58 to 65 ft. long. It 
required 24 hours to drive a pile in the 
foundation piers, though commonly from 
8 to 10 a day were driven. A few piles 
required 5,000 blows, a large number 
3,200 ; some only from 600 to 800. On 
account of the yielding of the wood to 
long-continued hammering, the blows had 
to be greatly varied in foree. 

In the construction of such a work it 
should not be forgotten that the expendi- 
ture of money, time, skill, and invention 
on preliminary engineering ways and 
means, forms a large and often discoura- 
ging item. Not only is there outlay of 
these in the survey and location of the 
bridge, in the negotiation of judicious 
contracts for manufactured iron, and in 
the getting together of the “raw materi- 
als” of stone and earth,—but the provi- 
ding of the requisite mechanical aids is a 
very weighty matter. In many respects 
the demands of the work may be fully an- 
ticipated — as respects appliances, for 
instance, for getting the various parts and 
materials into place ; but emergencies, of 
which those noted in the above account 
of the building of the piers, are a speci- 
men, are constantly arising where the en- 
gineer is put “on his muscle ”—physical, 
mental, and moral, and the men on their 
morale for days and weeks together, night 
and day, incessantly. For example, in 
order to rear the massive yet delicate 
structure to its dizzy height, “ false work” 
of the most substantial character must be 
built above the stream, and anchored se- 
cure amid its rushing, fickle waters, deep 
in its shifting bed. In a word, you must 
first build a bridge in order to build the 
bridge. And not only must the false 
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work support the true, but it must at the 
earliest possible moment be in greater or 
less measure held in place thereby. In 
one instance here, the foundations of the 
false work were swept away by the ice- 
flood, but the entire body of the tempo- 
rary superstructure was held securely sus- 
pended above by the span only just now 


have fancied, that of the fickle water and 
sand currents are among the most resist- 
less, yet evasive. 

Here, for example, is this “ breast of 
scour,” as it is termed—simply an im- 
mense subaqueous peripatetic sand- 
bank, dragging its by no means “slow 
length along,”—now with the direct cur- 





reared upon it. Each of these eight piers | rent of the stream ; now across it from 
| shore to shore ; constant only in its in- 


required a preliminary outlay of from 

$12,000 to $15,000, largely on ice breakers | coustancy; evoking the interest, energies, 
and other temporary means of protection, | and skill of the engineer to provide 
before it could be built. Mr. O. Chanute, | against it in one place and form, only to 
Chief Engineer of the Kansas City bridge, | demand still more in another. The en- 
the first built over the Missouri, has cal- | gineer points out to us the end of a sol- 
culated that the friction of Missouri River | itary pile a few hundred feet above the 
sand per square foot on surface of caisson | bridge, inclined in the direction of the 
and other similar works is 10 42-100 lbs. X | current. It is the single remnant of a 
depth in feet. In this connection the | goodly company that were to play their 
disturbing force of the current is to be | protecting part in the work going on. 
considered. This depends on the velocity | Driven down 26 ft., at the end of one 
of the water and the weight of bodies with | day, the next morning saw them all 
which it comes in contact. The disturb- | “scoured out” except this one. Often, 
ing power increases according to the sixth | too, when the river is really “ falling” 
power of the velocity. If a 3-mile current | rapidly, there being a marked diminution 
moves a 2-lb. stone, a 6-mile current will | in the volume of water, the channel deep- 
move a 64-lb. stone. This shows how it | ens, by reason of the more rapid displace- 


is that this river, whose velocity is pro- | ment of the sand. There are, in fact, here 
digiously increased with every rise above two rivers, the water-river and a sand- 


its average surface, scours holes of such | river now beneath, now mingling with it, 
vast size and depth in afew hours. Here, | —each separate, yet both interdependent; 
then, are conditions of “wear and tear’’| whose laws are past finding out, except, 
always present and operative, and liable | in their results; acting now independently, 
to increase beyond calculation. | now jointly. ’Tis a word and a blow, and 

Then, as regards the protection against | the blow first. 
the ice, it is hardly possible to construct! And as regards regular appliances— 
any merely temporary works fitted to | what with the boats, the dredges, the 
resist the immense force of the ice-floods. | derricks, the pile-drivers, the pumps 
Yet the engineer must get absolute secu-| (both for water and sand, the divers in 
rity. Mr. Smith solved this exacting prob- | armor, the water-jets, and the whole mul- 
lem by fighting ice with ice. He con-| titude of special tools—the evil sufficient 
structed his ice-piers in such manner as | therefor, which each day brings forth,-- 
to encourage accumulations of ice, the | you only wonder when you see them 
pieces congealing to a solid and more im- | that the outlay on them has not been 
movable mass with each addition. | twice as great. 

Again, the dangers from ice masses| Among the most curious of such me- 
past, the warm season with its floods | chanical aids is this elephantine “ double- 
brought equal peril from earth masses— | motion” derrick,—rather, it should be 
the flood often hurling along a floating | said, a “universal” lifter and carrier. 
island several hundred feet across, large | Stretching out its giant arm, it seems 
enough to carry forest trees in sifu, mass | some huge, amorphous human slave, pick- 
impinging on mass, and the united weight | ing up in sullen silence a massive tim- 
of the whole “mobilized” against the frail | ber or stone at one extremity of the barge, 


framework, or the half-finished foundation | 
of the pier. 

Among all the Protean shapes assumed 
by this dis- (or un-) embodied force, this 
malign river-god, as our ancestors would 


, 


‘and depositing it in another without 
| shock or noise. 


A NEW CHANNEL. 
Perhaps the most striking feat of this 
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whole series of labors of Hercules stretch- 
ing through 3 long, busy years, was that 
of changing, straightening and securely 
establishing a channel for the river. A 
reference to the map will show the gene- 
ral features of this—the respective lines 
of the old, the changing, and the present 
channels ; and the location of the dyke, 
at the south end of the bridge proper, by 
means of which the change to the present 
channel was effected. The channel has 
been on the north side. Little by little, 
and at length with great rapidity, the 
current cut into the shore—a distance of 
1,435 ft., about 4 of a mile, in a single 
month. This, of course, as the habit of 
the river is, produced a reflex current, 
which swept across to the south side, and 
threatened the instant destruction of 
works already in progress, and the deci- 
sive thwarting of the entire plans of the 
engineer. Accordingly, crying out in the 
pure instinct of self-preservation—* Thus 
far shalt thou come, and no farther;” and 
“here shall thy proud waves be stayed,”— 

Science began building a wall in the 
face of this transverse current. The 
effort to run out a breakwater directly in 
face of the current was, however, fruit- 
less. There was the ‘“resistless force,” 
but not the “immovable body.” Accord- 
ingly, the effort was made to run out 
light pile-work to break the force of the 
current, and to push the dyke simulta- 
neously. In this the engineer succeeded. 
The dyke itself, too, was built on a sys- 
tem of “indirection”—by running out 
rock-jetties, and filling the space be- 
tween them with sand. The difficulty of 
this work will be appreciated when it is 
stated that the channel here, which was 
previously only 4 ft. in depth, had been 
suddenly deepened by “scour” to 18 ft. 
near the south shore, and to 35 ft. at the 
outer edge of the present dyke. The 
dyke was at length completed, inclosing 
an area of 400x720 ft. It is composed, as 
hinted, of sand with coating of stone, to 
which it is regarded by the engineer as 
necessary still to add 5,000 yds. of rip- 
rap. It was built at an outlay of $47,000. 
It has thrown the channel (making a 
straight current in a sharp bend) perma- 
nently between the deep-water piers. Its 
effect extends a distance equal—up stream 
to 1} its own length, and down stream to 
2 5; times the length of the dyke. Inside 
the dyke, the workmen had to work (on 





piers 1, 2, and 3) in from 6 to 18 ft. of 
water ; but this is being gradually filled 
in with earth. 


STRENGTH OF THE BRIDGE. 


The maximum compression to which 
the stone of the piers in any place is sub- 
jected is 1,000 Ibs. per sq. in.; and it has 
been tested to 11,500 lbs. The uniform 
pressure on foundation is 70 lbs.- per sq. 
in. The apparatus used was a hydraulic, 
of Mr. Smith’s device. As respects the 
superstructure, the whole was put together 
on the spot, after being tested there. The 
preliminary test was to 20,000 lbs. per sq. 
in.; the maximum strain that can be im- 
posed will be 12,000 Ibs. The limit of 
elasticity was fixed at 1- 1350th; if under 
the test the iron passed beyond that, the 
piece was rejected, even though it returned 
toitsoriginalform. The cast iron, manu- 
factured expressly, is a special mixture 
composed of one-third scrap and the bal- 
ance equal parts of Iron Mountain, Lake 
Superior and Scotia. 

The Test—The test at the opening was 
made by 

Capt. Jas. B. Eads, Ch. Eng. Ill. & St. 
L. Br. Co. 

Chas. Pfeiffer, Assistant Eng. Ill. & St. 
L. Br. Co. 

Thos. McKissock, Ch. Eng. and Supt. 
Mo. Fae. R. 

Geo. Morrison, Asst. Eng. Kansas City 
Bridge. 

Maj. H. H. Benyard, U.S. A. Eng. Corps. 

Maj. A. Stickney, U. 8. A. Eng. Corps. 

Gen. Wm. F. Reynolds, U. 8S. Army 
Eng. Corps. 

Col. J. N. Macomb, U.S. A. Eng. Corps. 

S. T. Emerson, Ch. Eng. N. Mo. R. 

J. B. Lodge, Ex. Eng. a 

Major O. 3B. Gunn, ‘Ch. Eng. M., K. & 

. R. 


L. B. Boomer, Pres. Am. Bridge Co. 

J. B. Moulton, Ch. Eng. and Supt. Om. 
& 8S. W. R. 

The level tests were made by Julius 
Moulton, M. Robinson, A. F. Schmioedt, 
Mr. Emerson, F. H. Pfeiffer, and 8. H. 
Young. 








} 
1st Quarter. | Centre. | 3d Quarter. 





| 2% inches. | 35% inches.| 2% inches. 
;/1% « : 
| 23 “ % 


Ist Fink span .. 
1st Trellis span.. 
2d Trellis span. . 
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When three-fourths of the 2d Treliis 
span was loaded, the end of the load de- 
flected it 2 in. ; when one-half was loaded 
deflection was 13 in.; when one-fourth 
loaded, 2 in. 

The test to 10,000 Ibs. per sq. in. was 
but one-sixth the whole strength of the 
iron. The entire weight of the Trellis 
span is 780,000 lbs. The engineer states 





| 


| that'this is lighter, by 300,000 lbs., than 


any other iron span of 300 ft., except that 
of the arched bridge at Coblentz, which is, 
of course, destitute of the lower chord. It 
may be interesting to state the maximum 
weight of the posts—along with the chords 
the heaviest portions of the bridge. The 
long Fink posts weighs 11,500 lbs. ; the 
Trellis post, 11,900. 





NON-CONDUCTING STEAM CYLINDERS. 


From ‘‘The Engineer.’’ 


The specific heat of cast iron, the ma- 
terial of which steam-engine cylinders are 
all but invariably made, is about one- 
ninth that of water —precisely, it is .1138, 
water being unity. A unit of heat is that 
amount of caloric which will raise 1 lb. of 
water from 39.1 deg. through 1 deg. Fahr. 
A pound of steam at atmospheric press- 
ure contains 1146.6 such units; as the 
pressure increases so does the number of 
units, but the increase is very inconsider- 
able. We shall be near encugh to the 
truth, if we assume that steam of an 
average pressure, such as is common in 
engines expanding fairly, contains about 
1,150 units per lb. Now the same quan- 
tity of heat, measured in units, that would 
raise 1 lb. of water through 1 deg., will 
raise 9 lbs. of cast iron through 1 deg. It 
must be understood that it will not raise 
1 lb. of cast iron through 9 deg. unless 
the intensily of the heat, which is a totally 
different thing from its quantity, is meas- 
urable as 9 deg. by a thermometer. We 
make this statement for the benefit of 
our young readers, who we know by ex- 
perience are apt to confound quantity 
with intensity. It will be seen from the 
foregoing that cast iron is about one- 
ninth part as efficient, weight for weight, 
in condensing steam as is water, and this 
truth realized we are in a position to 
understand what takes place in the cylin- 
der of a steam engine. Temperature 
in such a cylinder may, and under 
ordinary circumstances’ will, vary 
through a range of at least 100 deg. 
The amount of range will fluctuate 
with that of the temperature of the in- 
coming steam, and that of the vapor 
in the condenser or that of the atmos- 
phere ; but we shall be sufficiently near 
the truth if we assume the variation to be 





100 deg. Deducting 212 deg. from 1,150 
deg., we have 938 deg. left as what is 
known as the latent heat of the steam. 
Now, if we were dealing with water ih- 
stead of cast iron, by dividing 938 deg. 
by 100 deg., the temperature through 
which each pound of water would have 
to be raised, we should obtain as a quo- 
tient 9.38 lbs.; that is to say 9.38 lbs. of 
water would be sufficient to condense 1 
lb. of steam to water having a tempera- 
ture of 212 deg.; but iron is only one- 
ninth as efficient as water, therefore 
nine times as much would be required. Put- 
ting all this into a definite proposition, 
we have the statement that every 54.42 lbs. 
of cast iron raised through a temperature 
of 100 deg. condenses a pound of steam. 
A thoroughly efficient engine, working 
expansively, will give out 1 indicated 
horse power to every 20 lbs. of steam pass- 
ing through the cylinder per hour. If, 
however, this steam has to raise 85 lbs. or 
thereabouts of cast iron through 100 deg. 
in each hour, we lose 5 per cent. If dou- 
ble the quantity of iron is operated on, 
or if the time be halved, we lose 10 per 
cent., and so on. From this we deduce 
the axiom that the temperature of the cyl- 
inder should not be permitted to vary, 
but should always be as great as the great- 
est temperature of the steam at any time 
in the course of a stroke. 

It will be seen that however carefully 
a cylinder may be clothed, one great 
source of loss of heat cannot be prevented. 
The lagging precludes the transmission of 
heat through the walls of the cylinder to 
the atmosphere, but it cannot affect inany ~ 
way the phenomena going on within the 
the cylinder. When steam first enters, it 
heats up the metal toa certain point. The 
inner surface will be the hottest and the 
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outer surface will be coolest, and the time | ly, but it is obviously inapplicable to the 
taken to bring the two surfaces to the same | required purpose. It is practically im- 
temperature will vary, other things being | possible to dispense with the use of metal 
equal, with the rate of conduction proper | in steam-engine cylinders; but it does not 
to —— and its thickness. co 4 a. — to = re that - - wry _ 
evident that in any case a considerable | fine ourselves to the use of heavy cast- 
weight of metal must be heated and cool- | iron cylinders. For small engines it would 
ed per stroke, and each 85 lbs. of metal | be possible to use cylinders of very thin 
so heated and cooled through 100 deg.| steel carefully lagged. Such cylinders 
per hour represents a loss of one-twenti-| could not absorb much heat; they would 
eth part of 1-horse power. If the mate-| be too light. For larger engines a differ- 
rial of the cylinder were perfectly pervi-| ent arrangement would be necessary. An 
ous to heat, but had no capacity for stor- | examination of any good table of specific 
ing it uP no —_ —— a | age will soe that —_ — — low 
we could, consistently wi 1e demands | in the scale as compared with cast iron. 
of ate. et - — ms ong | Whereas ome a — * - a 
as a lagging, which would prevent the ra- | is, as we have stated, . , that of the 
diation of heat, while possessing a very | former is but .0293. The specific heat of 
small capacity for caloric itself. But cast | iron is to water as 1 to 9; the specific heat 
om ggg heat 5 pes — of _ ~ ~~ is a as pees | 1 
stroke and gives it out in another | 34. would require nearly Ss. 0 
portion of the stroke. We may, to use a| lead 'to do as much mischief in a cylin- 
very rough but forcible illustration, regard | der as 85 lbs. of cast iron. Nor is this all. 
the metal as a sponge, which absorbs} We have shown that much of the influ- 
heat in its pores during the period when | ence for evil of the material of which a 
the steam in the cylinder is doing work, | cylinder consists depends on the rate at 
and from which the heat so absorbed is | which heat is transmitted through its sub- 
squeezed out into the condenser when the | stance. In this respect also Jead excels 
exhaust port opens. The amount of heat | cast iron. The conductivity of lead is 
thus wasted is enormous, especially in| but three-fourths that of cast iron. In 
slow running engines, which allow time | the entire range of the metals none ap- 
for the transmission of heat through a| pears to be so available for our purpose 
considerable thickness of the metal of the | as lead. In order to use it, the working 
cylinder. The cylinders of some oscilla- | surface should be composed of a —_ steel 
ting marine engines weigh as much as 28 | cylinder placed in an outer case of cast 
tons each, or 62,720 lbs. Not less than 737 | iron, the space between to be filled with 
lbs. me must aa saonate ag lead run ee aoeppenes by gag 
one of these masses of metal through pressure. oes not appear to us, how- 
deg. It is fortunate that the transmission | ever, that the list of materials available 
of heat through the iron is so slow that | for our purpose is exhausted by the met- 
not more than a ton or so of the metal} als. By adopting the principle of using 
re — waonee ce ene vg sn a very ~— ss _aaees 
perature after the engine has been blown | up and strengthening it by other sub- 
through and fairly warmed up; were it| stances, much may be effected to econo- 
it otherwise, the steam engine could not} mize steam. Wool can now be compressed 
exist. into so hard a mass that blocks of it can 
In order to avoid or reduce condensa-| be turned in a lathe. Who in the face of 
tion in steam cylinders, we must con-| such a fact will assert that we are com- 
struct them either of a material which will | pelled to adhere to the use of cast iron— 
conduct heat so slowly that only a small | almost the worst material of which a steam 
portion of its total weight will alter in| cylinder can be made ? 
temperature; or of a material having so 
low a specific heat that any moderate . 
quantity of caloric will suffice to raise it }  hppemeg aren pee ae ft. of 
through the required range of tempera- — © a 
ture; or, finally, of a material which will 
combine both these characteristics. Wood | Jue gold crop of Montana for the year 
would satisfy the first condition very fair- 1870 was $44,000,000. 
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ON SOME FORMS OF THE GALVANIC BATTERY. 


By S. B. SHARPLES, 8. B. 


From the ‘‘ American Journal of Science and Arts.” 


While making some experiments as to 
the best method of determining nitrous 
acid, Dr. Gibbs had his attention called 
to the fact that nitrous acid is instantly 
oxidized by an acid solution of potassic 
bichromate to nitric acid. 

This result he communicated to me in 
the early part of 1870, saying, at the same 
time, that he thought it might be advan- 
tageous to use a mixture of nitric and 
sulphuric acids and potassic bichromate, 
as the absorbing liquid in the porous cell 
of the Bunsen battery. The chromicacid 
would prevent any evolution of nitrous 
acid by oxidizing it as soon as formed to 
nitr.c acid. The nitric acid being the 
active fluid in the combination would pre- 
vent the polarization which is continually 
taking place in the ordinary bichromate 
battery, and would be constantly renewed. 

Having occasion to use a battery a few 
days after, I tried the mixture with such 
satisfactory results that it seemed desira- 
ble that the subject should be more fully 
investigated. The electro-motive force 
and internal resistance of the battery were 
therefore determined. 

The apparatus used was one of Poggen- 


{connected with the galvanometer, would 
deflect it the same number of degrees. 

The zines were about 4 in. high and 2} 
in. internal diameter, with a slit in one 
‘side. The porous cups filled the internal 
space almost entirely. The carbons used 
| were those manufactured by Chester, of 
New York, for ordinary medical batteries, 
and had a section of about 1 sq. in. The 
exciting liquid was a mixture of sulphuric 
acid with 9 times its volume of water ; 
this was found to be without action on 
the zincs when the battery was not run- 
ning. The zincs were kept well amalga- 
mated. 

The electro-motive force was deter- 
mined by Wheatstone’s method, as fol- 
lows :—One of the cells was thrown into 
the circuit ; the rheostat was then ad- 
justed until the needle stood at 40 deg. ; 
the resistance was then decreased until 
the needle rose to 50 deg. ; the length of 
wire removed was noted. The second 
cell was then placed by the side of the 
first and the resistance increased until the 
| needle again stood at 50 deg., and the 
| added length of wire noted. While both 
icells were connected the needle was 








dorff’s rheostats, which was furnished | brought again to 40 deg. ; by removing 
with 16 metres of German silver wire, the | part of the resistance, this length was 
resistance of this being but little affected | also noted ; it should correspond exactly 
by changes of temperature. By means of | to the first length. One of the cells was 
clamps, any number of centimetres of | then removed, and the resistance again 
wire could be introduced into the circuit. | adjusted ; the wire removed should ex- 


When the needle of the galvanometer was 
deflected to 40 or 50 deg. a change of one 
centimetre in the length of the resistance 
could be readily seen. The galvanometer 
was an ordinary one, in which the coil was 
rep‘aced by a broad, thick, copper band, 
passing once around and close to the 
needle, which was susperded by a fila- 
ment of silk, and so adjusted that it was 
at the zero of the scale when it came to 
rest in the meridian. 

_In order to determine the internal re- 
sistance I made use of two elements of 
the same construction, which could be 
thrown into the circuit either singly or 
side by side. I found, when all my con- 
nections were bright, that there was no 
appreciable difference between the two 
elements, that is, either element when 


| actly equal the second length noted above. 
The second cell was now substituted for 


the first, and if the needle still remained 
at a constant point the measure was con- 


sidered satisfactory. If there was any 
discrepancy in the measurements, or if 
the needle stood at a different point with 
one cell from what it did with the other, 
'the connections were all examined and 
the measurements repeated. It was 
rarely found necessary to make more 
than one trial. 

The furmule used were those given by 
Wheatstone (loc. cit.), as follows :—For 


electro-motive force 


= =—- in which 
| E = the electro-motive force of a standard 





| maton, and e the length of wire neces- 
| sary to reduce the needle of the galvan- 
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ometer from one given point to another; Lz. No. 4.—The cell was filled as in the 
given point. E’ = the electro-motive | last experiment, only the liquid used was 
force of the battery to be determined, | a mixture of equal parts nitric and sul- 
and /' the length of wire which was re-|phuric acids. The electro-motive force 
quired to be removed to change the needle | was the same, but trouble was experienced 
from one of the given points to the other. | from the formation of crystals of chromic 
For the internal resistance of the bat-| alum which encrusted the carbons and 
tery, R = 2/, in which formula R = the | porous cells and stopped the working of 
internal resistance, and / = the length of | the battery. 
wire which must be added when a second Ex. No. 5.—The absorbing liquid was a 
cell is placed by the first to bring the | saturated solution of potassic bichromate 
needle to the same point where it stood | in hydrochloric acid. The electro-motive 
when only one cell was in circuit. After | force of this battery rapidly declined; 
making one series of measurements, the | starting with the same force as Bunsen’s, 
needle was brought to 40 deg., and allow- | in the course of 2} hours it ran down to 
ed to remain at that point for 12 hours if | two-thirds of that force; its internal resist- 
the battery remained constant for that | ance at the start was 1.7, that of Bunsen’s, 
length of time ; the measurements were | at the end of 24 hours it was 3.6. It gave 
then repeated and compared with those | off chlorine during the whole time it was 
of a Bunsen cell made under the same! in action. 
circumstances. Ex. No. 6.—The absorbing liquid was a 
The first measurements, made in March, | saturated solution of potassic bichromate 
1870, were merely to determine the electro- | in nitric acid. It gave the same electro- 
motive force. In the rest of the experi- | motive power as the ordinary Bunsen cell, 
ments, made in December, 1870, and /|but the internal resistance was about 2.3 
Junuary, 1871, the internal resistances|as much. The battery was sensibly con- 
were also determined. stant for 12 hours. 
1st Experiment.—For purposes of com-| Fx. No. 7.—Ex. No. 1 was repeated 
parison, a Daniell’s cell was fitted up,|under slightly different circumstances. 
using the same zinc and porous cup, and | The saturated solution of bichromate used 
the same exciting liquid, but substituting |in the last experiment was mixed with 
for the carbon a hollow cylinder of copper | one-third its own volume of strong sul- 
open at one side, and using a saturated | phuric acid, and enough water added to 
solution of cupric sulphate as the absorb-|take up the precipitated chromic acid. 
ing liquid. The mean of six comparisons | This formed the most satisfactory battery 
of this with a Bunsen’s cell gave 169 for | tried; it was perfectly constant during 12 
the electro-motive force of the latter,| hours. The internal resistance was only 
Daniell’s being 100. Latimer Clark gives | about 14 times that of an ordinary Bun- 
the number 175. sen’s cell of the same construction, and 
Ex. No. 2.—The porous cell was filled | not the slightest odor could be perceived 
with a saturated solution of potassic|/in the room. The electro-motive force 
bichromate in a mixture of equal parts of | was the same as that of the Bunsen cell. 
nitric and sulphuric acids, diluted with| Ex. No. 8—Having seen in the Ameri- 
4 times their volume of water. This} can “Chemist” a notice of a new battery 
gives a constant battery working without | by Prof. Bunsen, mentioned in an address 
giving off acid fumes until the exciting | by Prof. Roscoe, before the Chemical Sec- 
liquid was exhausted. Its electro-motive| tion of the British Association for the 
force was the same as that of the ordinary | Advancement of Science, I made a trial of 
Bunsen cell. it. This battery consisted of two metals, 
Ex. No. 3.—The porous cell was filled | platinum and zinc, with a single fluid, 
with coarse fragments of potassic bichro-| namely, a solution of chromic acid in 
mate, and then saturated with nitric acid. | dilute sulphuric acid; I tried it in a small 
The electro-motive force was the same as | cell in which equal surfaces zine and car- 
in the last experiment, but the battery was | bon were opposed to each other. The 
not quite so constant, and there was a|electro-motive force was twice that of a 
great waste of bichromate, there being | Daniell’s cell, or 1.2 that of a Bunsen’s; 
much more than was requisite to saturate | but it was not very steady, and the 
the nitric acid. 'chromic acid acted strongly on the zinc. 








ys © & se 2 mf lUlrhlCUrrlUrlCek 


eS eh | OO eRe ee 


rm 


a 


owe OOP OP 


VAN NOSTRAND'S ENGINEERING MAGAZINE. 


191 





Ex. No. 9.—Dr. Gibbs suggested to me 
to try a solution of chromic acid in nitric 
acid in the porous cell, using sulphuric 
acid in contact with the zine. The electro- 
motive force was the same as in the last 
experiment, and the internal resistance 
was the same as in the Bunsen cell. The 
battery was perfectly constant. Two 
cells very slowly decomposed pure water 
and gave vivid flashes of light when the 
connections were made. 

Ex No. 10 was undertaken to determine 
the effect of replacing the bichromate by 
manganic oxide; the porous cell was 
filled around the carbon with manganic 
oxide; nitric acid was then poured on it 
until it was completely saturated. This 
gave very poor results; the electro-motive 
force was about 1.43 times that of a 
Daniell’s cell. The battery was not very 
steady, and after running some time began 
to give off fumes of nitrous acid. 

Ex, No. 11.-—-Joule gives an experiment 
with a battery in which platinum in nitric 
acid is used as the negative, and zine in 
caustic potassa as the positive electrode, 
and gives the electro-motive power as 
equal to 2.41 Daniell’s. I repeated the 
experiment, using a solution containing 
1 of its weight of potassic hydrate in the 
outer cell, and a saturated solution of 
chromic in nitric acid in the inner cell. I 
found the electro-motive force at first 
about 2.35 that of Daniell’s cell, the in- 
ternal resistance being that of a Bunsen’s 
cell. It was rather unsteady at first, and 
then began to gradually decline. No 
odor was perceptible. 

Several experiments were tried, with 
the hope of obtaining a single fluid battery, 
with the following results : 

Ex. No. 12.—A strong solution of caustic 
potassa was made, saturated with ferri- 
cyanide of potassium, and used in the 
cell employed in experiment No. 8 This 
gave a feeble current, and the carbon was 
rapidly polarized. 

Ex. No. 13.—As solutions of sulphur- 
ous acid and acid sulphites dissolve zinc 
without evolution of hydrogen, forming 
hyposulphites, it was thought that these 
might be used as the exciting liquids. 
They gave a very feeble current, and the 
carbon was soon polarized. The sulphite 
of zinc formed also adhered to the zine 
and prevented further action. 

Ex. No. 14.-Iodide of potassium satu- 
rated with iodine was tried; this also gave 


| 





a feeble current, and the carbon 
became polarized. 

Ex. No. 15.—A cell of the Maynooth 
battery was fitted up, and a saturated 
solution of potassic bichromate in nitric 
acid used as the absorbing liquid; the 
battery was not very constant, and the 
iron was soon attacked; no fumes, how- 
ever were given off. The electro-motive 
power was about .55 of a Daniell’s cell. 

The result of these experiments seem to 
show that the battery used in experiment 
No. 7 is the best for ordinary use, since it 
costs but little, if any, mere than the 
Bunsen battery charged with nitric acid 
alcne, and is entirely free from fumes 
until exhausted. If the following direc- 
tions are observed in preparing the fluid, 
it cannot fail, I think, to give satisfaction. 

To prepare the exciting liquid, sul- 
phuric acid of 1.84 sp. gr. is mixed with 9 
times its volume of water, and allowed to 
stand until the precipitated lead is all 
settled. The clear acid is then decanted 
and is fit for use. This plan of preparing 
the acid has been in use in this laboratory 
for some years, and gives very good re- 
sults, local action being almost entirely 
prevented by the removal of the lead. 

To prepare the absorbing fluid, ordinary 
commercial nitric acid is saturated with 
potassic bichromate; this should be done 
in a warm room, as it takes up much more 
when warm than when cold. The solution 
thus prepared is mixed with 4 of its 
volume of sulphuric acid and enough 
water added to redissolve the chromic 
acid precipitated. 

Two objects are gained by adding the 
sulphuric acid. The mixture is less ex- 
pensive than if pure nitric acid is used, 
and the internal resistance is decreased. 
If the internal and external cells are 
properly proportioned, this battery will 
run until the exciting fluid is exhausted, 
without giving off any fumes of nitrous 
acid. If crude chromic acid could be 
obtained at ‘a sufficiently low rate, No. 9 
would be a very powerful and convenient 
battery for many purposes. 

My thanks are due to Dr. Walcott 
Gibbs for many valuable suggestions 
made during the progress of this investi- 
gation and for the use of the apparatus 
employed. 


soon 





Tew Haven has a Dead Stroke Power 
\\ Hammer Company. 
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WHY THE BITE OF A ROAD DRIVING WHEEL IS INCREASED BY 
THE ADDITION OF AN ELASTIC TIRE. 


By LEONARD J. TODD. 
From “ The Engineer.’’ 


I see, from the remarks of some of 
your correspondents, that the reason 
why an elastic tire on a driving wheel 
increases the adhesion is not clearly un- 
derstood. In a circular wheel ‘the power 
necessary to cause the wheel to slip with 
a driving strain is the weight the co- 
efficient of friction; and if the wheel be 
skidded, the power necessary to sledge it 
along is the same. If an elastic wheel be 
skidded, the power necessary to sledge it 
is as before, the weight X the coefficient 
of friction ; but the power necessary to 
cause it to slip with a driving strain is 
much greater, being the weight X the 
coefficient of friction +-a second quan- 
tity, which depends on the amount of 
flat ; it is this second quantity, which 
appears to have been hitherto overlooked, 
to which I would now direct attention. 








Let Fig. 1 represent a rigid wheel with 
flat sides, or with spokes only, the rim 
being removed. Now, if the centre A be 
fixed from rising, the wheel evidently can- 
not slip, owing to A B being greater than 
AC; were the centre not fixed the wheel 
can only slip either by its turning at the 
point B, as a fulcrum, or by the axle 
rising so as to allow the line A B to be- 
come vertical under it; in either case the 


backwards, The first quantity varies 
according to the weight on the wheel 
and the length of the flat side, and the 
second according to the weight and the 
friction. If this wheel be skidded the 
power required to sledge while resting 
on its flat side will only be this latter 
quantity. 


FIG.2., 
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The reason why the bite of such a flat- 
sided wheel is increased is also shown in 
Fig. 2. Let D represent a locomotive, E 
a rod, vibrating at a fixed point F, and 
G a large flat shoe, and let a rope extend 
from the shoe to a small winding drum on 
the extremity of the main axle, the driv- 
ing wheels to be disconnected. _ If, then, 
the bearing surface of the shoe be great 
enough to prevent it from sinking it can- 
not slip backwards, for the rod F G being 
| rigid, then would the whole engine have 
| also to move backwards; and if F were 
fixed at the centre of gravity, and the 
strain on the rope sufficiently great, the 
‘engine would be lifted and carried 
|forward a certain distance, and if there 
/were a succession of such rods and an 
endless rope attached, we should have a 
| very powerful hauling engine. 
| There is another point that may be 
noticed in this arrangement, and especially 








strain required to do this (that is, driving | in the wheel with rigid spokes, viz., that 
strain to turn the wheel) is greater than | the driving strain of the spoke A B must 
if the wheel were circular, for there must, | necessarily act at right angles to it in the 
firstly, be a certain amount of power | direction K B, forming a considerable 
applied at J, great enough to raise the | angle with the road, so that a lesser co- 
total weight on the wheel while turning | efficient of friction will keep the point B 
at B; and after it is balanced at this latter | from slipping backwards than what would 
point there must, secondly, be an addi-| be required if the spoke were in the posi- 
tional amount applied to cause B to slip| tion A C, and the driving strain con- 





VAN NOSTRAND’S ENGINEERING MAGAZINE. 


193 





sequently applied parallel to the road in 
the line B C. 

Neither of these arrangements, how- 
ever, would answer in practice, as they 
would first hold and then slip, while the 
jolting would shake the engine to pieces. 
The practical development of the principle 
of obtaining an endless fulcrum at B, on 
which the wheel can continually be turn- 
ing, while yet preserving a smooth motion 
for the engine, consists in a flexible driv- 
ing wheel, which was first successfully 
carried out in Thcmson’s well-known en- 
gine by placing a thick band of rubber on 
each wheel. 

In further considering the action of an 
elastic wheel we may suppose it to con- 
tain an indefinite number of spring spokes 
as between C and L, as being convenient 
for consideration. It has been shown that 
a wheel with a rigid spoke A B cannot slip 
without raising the centre A; but asin the 
elistic wheel the ‘spoke A B contains a 
spring which must be weak enough to 
yield with the weight on the axle, it fol- 
lows that if the driving strain be great 
enough the point B will slip backwards, 
compressing the spring, the axle A re- 
maining stationary ; and as the power 
required to compress the spring is less 
than that required to raise the axle, it fol- 
lows that the elastic wheel will slip more 
easily than the theoretical rigid one with 
a fixed line A B. 

Having now determined the manner in 
which the adhesion of an elastic driving 
wheel is increased, and to what cause it is 
due, it will be well to determine in what 
measure this takes place with any given 
amount of flat. First take a circular 
wheel carrying a load of 3 tons, then the 
power to sledge it along the road, and also 
the driving strain to slip it, both = the 
weight 3 tons X the coefficient of friction, 
say 700 lbs. = 2,100 lbs. Then in the rigid 
wheel with flat sides the power to sledge 
it = the weight 3 tons X coefficient 700 
lbs. = 2,100 Ibs., as before, but the driv- 
ing strain necessary to slip it = weight 3 
tons X coefficient 700 lbs. +- a sufficient 
Strain applied at the circumference to 
raise the weight of the wheel when turn- 
ing at the point B; then as with the 
“angle of adhesion” shown the lines 
AH J are three to one, the strain required 
will be 4 of 3 tons = 2,240 lbs. at the 
circumference, or 2,350 lbs. at the point 
C, and the result becomes: 


Vou. V.—No. 2.—13 





= 2,100 lbs. 
= 2,350 Ibs. 


4,450 lbs, 
for each wheel, or 8,900 lbs. for the two 
drivers. Thus by giving an angle of ad- 
hesion of about 14 deg. the bite is more 
than doubled. This refers to a theoreti- 
cal wheel in which the amount of flat is 
constant, and the line A B rigid as the 
wheel rolls. In an elastic wheel, however, 
this is not the case, and as the tire neces- 
sarily forms springs for the engine, the 
angle of adhesion continually varies and 
the available bite will be rather less than 
that given. However, this result very 
nearly agrees with practice, for in Thom- 
son’s 8-horse power engine, with a work- 
ing pressure of 125 lbs., and allowing ,'; 
in the cylinders, the strain, at the point 
Cun SAME EX O00 the, 
very slightly less than the adhesion was 
calculated at; and when it is considered 
how a very slight variation of the angle of 
adhesion or the coefficient of friction, or 
a few pounds of cylinder pressure, would 
affect either side of the equation, the 
agreement becomes more marked. Or, 
again, allow the engine to weigh 7 tons, 
then friction at . and road resistance at 
as = 1,032 lbs. for the engine alone, leav- 
ing 7,418 lbs., or 3 tons 6 ewt., of useful 
tractive force that the engine can exert on 
a level at a maximum effort, which is also 
realized in practice, the wheels when thus 
burdened but slightly slipping on dry 
macadam. 

It may be remarked that according to 
the foregoing calculation of the adhesion, 
supposing the friction between the wheel 
and the road were absolutely nil, that the 
engine should still haul a considerable 
load. It has already been shown that the 
point B in the wheel with flat sides cannot 
slip backwards without raising the centre 
A, and the strain that must be applied in 
the direction B C. Todo this will be, say, 
1,100 lbs., or 2,200 lbs. for the two wheels, 
but as the road friction is nil, the resist- 
ance to motion along it will be the same, 
and consequently on level ground there 
is hardly any limit to the load which the 
engine might take. It does not follow, 
however, that an elastic wheel would hold 
nearly so well as this, for, as has been 
shown, the line A B can become compress- 
ed and pass under the centre; but as it 


or 
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must require some amount of strain to do 
this, and as there is not any resistance to 
the motion of the engine, it could still 
propel itself although the road friction be 
nil, And it is certain that on the smooth- 
est sheet of ice, if level, that a road steam- 
er with iron shoes could easily run about, 
having both wheels in gear, but it is 
doubtful if it could pull much load; how- 
ever, by allowing bare rubber to rest on 
the ice a higher coefficient is obtained, 
and the engine will then take a moderate 
load, this being, however, greatly owing 
to the fact that the rolling resistance to 
the train on such a road becomes extreme- 
ly small. It need hardly be mentioned 
that a circular wheel under similar circum- 
starces would be utterly useless. 

We thus see that a wheel in which the 
line A B is rigid will, under all circum- 
stances, hold better than one in which it 
is flexible. Of course, we cannot make a 
wheel which while being rigid shall yet 
also be flexible, but the line A B might 
probably be made much stiffer than is at 
present inuse. For instance, suppose the 
imaginary spoke A B to carry 3,360 lbs., 
and when thus loaded to yield 1} in., and 
also that there shall not be any initial 
strain on it (as is the case with a rubber 
tire), then the power that will be neces- 
sary to compress it } in. will be 560 lbs. 
only. If, however, the spring could be so 
adjusted as to have an initial strain on it 
of, say, 2,240 lbs., and yet yield 14 in. with 
3,360 lbs., the strain that would be neces- 
sary to compress it fin. would then be 
2,420 lbs., or more than 4 times that of the 
previous case, and the bite would conse- 
quently be much increased, and yet the 
amount of flat would evidently be the same 
in each case. 

It will thus be seen that the “bite” of 
an elastic wheel depends on 3 things: 
first, on the position of the point B, deter- 
mined by the angle of adhesion ; second, 
on the amount of stiffness in the line A B; 
and third, on the amount of road friction. 
We have no control over the last, but by 
judiciously proportioning the two first of 
these, as much bite can be obtained as is 
practically required. 

It may be well here to refer to what 
seems to be the popular reason for the 
bite of a driving wheel being increased by 
an elastic tire, viz., that the inereased sur- 
face gives increased friction, which is en- 
tirely opposed to the law that friction 





| ‘ : 
varies according to the pressure and not 


to the extent of surface. To get over this 
difficulty it has been declared that this 
law is true of smooth surfaces but not 
rough ones, in which the particles inter- 


| lock; but such parties should first inform 


us how to make surfaces so “smooth” as 
to prevent the particles from interlocking, 
and to what cause, except this, friction 
between any surfaces is due. But to take 
the case of two surfaces having artificial 
teeth like a rasp, if the teeth are made 
slightly hooked, so as to remain in con- 
tact, it is possible that several tons would 
not slide them laterally; such so-called 
“ friction,” however, is clearly a misnomer 
for shearing strain, which is necessary to 
sever the teeth. It is hardly necessary to 
pursue this theory further, as it will not 


FIGS 
A 
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bear the slightest investigation; for if it 
were correct, then a circular wheel which 
had sunk a certain distance, as in Fig 3, 
should have a bite equal toan elastic wheel, 
as the surfaces are equal. And, again, 
suppose we took two road steamers of 
equal weight and disconnected the wheels 
of one and skidded them, it should then 
be quite impossible for the other to draw 
it, for the measure of the strain necessary 
to sledge the first would, according to this 
theory, precisely equal the driving strain 
that was necessary to slip the wheels of 
the second engine ; but it can be proved 
that No. 2 engine would easily walk off 
with No. 1, thus proving that a quantity 
other than that due to friction enters into 
the caleulation of the driving strain re- 
quired to slip the wheels, 

In reference to steam ploughing by 
direct traction, it has been asked what 
new thing have we acquired in this year, 
1871, which would lead us to expect better 
success than in 1861? The answer is, 
that we can now make a driving wheel 
which shall bite without spikes or paddles 
in the rims, which we could not before. 
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Merely increasing the bearing surface will | there is a great difference, and the bite 
not do this, for if it would, why pay £300 | consequently becomes great ; by drawing 
for elastic wheels? We could easily get | a horizontal line from C to M we see to 
a greater amount of surface by making | what adhesion angle it corresponds. In 
thin plate rollers the entire width of the | Fig. 5 there is the same amount of yield 
engine, which would then pass over softer ' as in Fig. 1, but in consequence of its tire 
ground than any road steamer, but on 
such land it would be utterly useless as a 
hauling machine. However, we now seem 
to have the elements of success before us, 
which consist, first, in a very light engine 
carried on sufficiently wide wheels, the 
two drivers of which must also possess a 
very considerable angle of adhesion. It 
does not appear that the weight of the 
engine is yet nearly so light as it might BC 
be. The tractive force which has been 
developed is amply sufficient, but the ad- | not being so perfectly flexible as that of 
hesion angle might be increased, as it can- | Fig. 1, the corner at 8 becomes rounded, 
not be too great, and if the total weight | and the angle falls in to 10 deg., the bite 
were much reduced the present width of | being lessened in the same proportion. 
wheels would seem sufficient. | An apt illustration of this latter case was 
It may here be remarked, in reference | afforded by a certain one of Thomson’s 
to those elastic wheels which have a thick | wheels, in which each separate shoe (in- 
band of rubber the entire width of the | stead of being jointed to its neighbor by 
wheels, that increasing the breadth of the | a link, as in the usual practice) was turned 
wheel directly lessens the bite. Suppose | up at the ends, the whole set being then 
a rubber tire 12 in. wide to give an ad-| strung on two 3 in. rods; which, however, 
hesion angle of 15 deg ; if, then, the tire | made the chain so stiff, that the corner B 
be made 24 in. wide, although the surface | became greatly rounded, with the result 
is increased the angle becomes much less, | stated above. So it further becomes evi- 
and the bite is sensibly lessened. This, of | dent that the amount of yield does not 
course, would not be the case if the 12 in. | necessarily bear any connection with an 
tire could be divided into two of 6 in. each, | increased bite, for it is very easy to make 
placed at either side of the wheel, with the | an elastic wheel which shall answer the 
shoes stretching between them; for then, | purpose of bearing springs and yet which 
while doubling the bearing surface, the | shall not in the slightest degree increase 
adhesion angle would remain constant, | the adhesion. 
which clearly ought to be the case. | In making an engine to run on hard 
roads the principal thing in the driving 
wheels is to make the adhesion angle as 
great as possible. If tie elastic tire con- 
sist of a band of rubber, this would be 
most advantageously made rather thick 
and as narrow as was practically safe, for 
then the angle is greaiest. If an elastic 
wheel rest on hard ground the line BC L 
will be straight, but if on soft ground the 
| point © will not be in a line with B L, but 
| considerably below, and consequently the 
difference between A Band AC will be 
On reference te the diagrams it will be | lessened ; so it follows that for working 
seen that the bite is increased when AB} on soft ground the wheel should be 
exceeds A C, and the greater this differ- | much softer than for hard roads, so that, 
ence the greater the hold. In Fig. 3 there | in spite of the point C occupying a posi- 
is increased bearing surface, but as the 2|tion below B L, the effective adhesion 
lines are equal there is not any extra re-| angle may become the same in either 
sistance to the wheel turning. In Fig. 4 | case. 
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A knowledge of these general principles 
will be of great use in enabling us to de- 
sign a direct-action ploughing engine. 
The first part of the problem consists in 
making a light engine with the requisite 
tractive force, having wheels sufficiently 
wide to carry it; and the second in so 
correctly proportioning flexible driving 
wheels as to work up the power develop- 
ed. The second of these certainly assists 
the first, but still it by no means follows 
that by merely increasing bearing surface 
we can ever attain to the bite required 
for the second. 

In the foregoing consideration of elastic 
wheels account has not been taken of a 
certain amount of power which is lost 
through the medium of the elastic tire, as 
this does not affect the matter in hand, 
which was to determine to what cause the 
increased bite of such wheels was due. It 
may, however, be remarked that this loss 
is known to be extremely small. 

A few words in conclusion may be said 
regarding the use of an elastic tire at the 





leading wheel of aroad steamer. If such 
a wheel have bare rubber running on the 
road, it will take hold of any slight irregu- 
larities and increase the steering power 
by preventing side slipping ; if, however, 
it has shoes on, it is no more capable of 
resisting side strain than a circular wheel, 
and on a hard road the tire is absolutely 
useless, except to perform the part of 
bearing springs. On soft land it may be 
said in some smal] degree to keep the 
wheel from sinking, but the load at the 
leading wheel is not so much as one half 
that on a driver, and suppose we make it 
the same width as the latter it will then 
sink but very slightly ; and on hard road, 
of course, this point is not of any con- 
sequence, and on soft ground it would 
even be an advantage to have the leading 
wheel to slightly sink, as then the engine 
steers much more certainly ; so that, on 
the whole, it seems hardly expedient to 
lay out £50 on an elastic steering wheel, 
arigid wheel in this case being practically 
sufficient. 





RUSSIAN RAILWAYS. 


From ‘*The Mechanics’ Magazine. 


The capital of every European State, 
save one, will be found to be the point to 
which the railways of the country con- 
verge, and the single capital which is an 
exception to the rule is St. Petersburg. 
The peculiarity of its geographical posi- 
tion and the character of the region in 
which it stands are the causes of the ex- 
ception. Moscow and Kief are in fact 
centres of the Russian railway system. 

The madness of railway speculation in 
Russia has been pretty severely censured 
within and without the borders of the 
Empire; but the madness is checked in 
no degree. The shoulders of the Govern- 
ment are loaded with a weight of respon- 
sibility for the recklessness with which it 
has granted concession after concession 
to men of straw, who, armed with the 
magic tokens of a guarantee from the 
minister, have hawked their schemes over 
Europe for sale. Thus have works ill- 
conceived, and still more improperly exe- 
cuted, been left to dupes to manage, and 
thus has a fictitious soil been created 
whereon to sow the seeds of ruin for the 
days which are in store. To the spirit of 








competition pervading the share market 
there seems to come no satiety; and this 
may be accepted as an instance: At the 
closing of the subscription for the 12,000 
shares of the Kineshma-Ivanovo Railway, 
a line of minor importance just conceded, 
the number of shares subscribed was 
3,504,669; and on the day following the 
appearance of the Dvigatel Company, with 
a capital of only 500,000 roubles, the sum 
subscribed for the undertaking reached 
64,000,000 of roubles, and the shares, all 
oe up, are now at a premium of from 
5 to 50 per cent. 

In 1836, which was the 11th year of the 
reign of the late Emperor Nicholas, Count 
Bobrinski, long since dead, received a 
special favor, in the form of permission to 
construct a railway of about 18 miles in 
length, from St. Petersburg to Tsarskoe- 
Selo, the favorite abode of the Russian 
Court during the months of the summer 
and autumn. The Imperial sanction, ob- 
tained by a trusty and eccentric courtier, 
marked the origin of railways in Russia; 
and the Tsarskoe-Selo line, although re- 
garded more as the gratification of the 
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whim of an old and a faithful servant than 
as a continuation of the triumph of Brunel, 
was opened in 1838, and did not only turn 
out a remunerative concern at once, but 
has continued to prosper to this hour. 
From 1838 to 1845, however, not a 
single mile of railway was laid within the 
sacred precincts of the Russian dominions. 
It was not until 1842 that the Emperor was 
induced to lend his countenance to the 
first grand railway undertaking for the 
union of the modern and ancient capitals 
of his country. That undertaking was 


the line from St. Petersburg to Moscow. 


In nine years this line, over 400 miles in 
length, was finished at the enormous cost 
te the Government of £31,666 per verst— 
a measure which is just 3 of a mile. 

The experience gained by the reverses 
of the Crimean War has not been thrown 
away on Russian statesmen, who will 
scarcely permit themselves to stumble in 
future by shutting their eyes to the strate- 
gical work of railways. 

The opening in 1862 of the line which 
connects St. Petersburg with Warsaw, 
fortunately showed how the interests of 
the Empire, so far as its integrity went, 
were identified with the reticulation of the 
railways, because during the insurrection 
of the Poles in 1863, the Imperial Govern- 
ment had the power of pouring troops in 
such continuous masses into Poland that 
every attempt at resistance was soon ren- 
dered impotent and hopeless. 

In a country like Russia, where private 
enterprise is yet undeveloped, having been 
hitherto jealously and carefully discour- 
aged, the policy of a State guarantee to 
railway undertakings cannot be regarded 
as unsound; but the payments to which 
the Government of Russia is liable under 
the head of guarantees of railways might 
greatly embarrass the Treasury at the mo- 
ment of a financial or other crisis. Ac- 
cording to the figures obtained from an 
examination of the accounts of the credit 
establishments of the Empire, the yearly 
liability incurred by the Government on 
account of the guarantees to railway com- 
panies for interest and sinking funds on 
their shares and obligations, amounted on 
the 1st of January, 1869, to very nearly 
£4,000,000. In spite of that formidable 
sum, the benefits accruing to Russia by 
giving a guarantee to her railways are 
most conspicuous in one respect at least. 
At the time when the credit of the Gov- 





ernment was first of all pledged to a reso- 
lution of guaranteeing railway enterprises, 
Russia had long been recognized ‘as a 
constant and larye borrower in the money- 
markets of Western Europe. But when 
the fact appeared that she was entering 
on @ new career by supporting these ex- 
tensive engagements intended for the 
objects of commerce, her attitude as a 
borrower received a thoroughly novel 
interpretation; and her status, not only 
among capitalists and financiers, but in 
the estimation of the public, was greatly 
improved. 

For the circulation of money in Russia 
now-a-days is not what it used to be. 
Sums do not take months to travel from 
one corner of the empire to the other. 
The paper currency has swollen to the 
respectable and significant amount of 
more than £100,000,000. Departing from 
their legitimate path, the banks of St. 
Petersburg have also assisted in fanning 
the flame of over-speculation by making 
advances on railway stock at prices beyond 
which the value of the railways themselves 
will warrant. Seeking eventually to stay, 
the Government has ventured to ease the 
impetuous rush of the tide, and has 
enacted that sales on term shall be void 
in the presence of the law; but the enact- 
ment, instead of saving the silly, has only 
become a boon to the knaves. It lends an 
incentive to the speculative temper so 
rampant, by assuring it of impunity. The 
defaulter cannot be punished. 

The Russian railways have been costly; 
for £100,000,000 have been, or are being, 
spent on the 7,000 miles of lines already 
built or being built. But this £100,000,- 
000 may, it is true, be accounted as tri- 
fling when the £480,000,000 swallowed up 
by our English lives are placed by its side. 
Yet the costliness of the Russian lines is 
unpardonable when we consider that the 
blunders of a first experiment did not 
attach to Russia, but that there was the 
experience of England to guide and to 
warn her, and that the scarcity and value 
of land in England were not to be placed 
in the scales with the abundance and 
cheapness of her own. 

To the unwary the financial horizon of 
Russia, being unclouded, promises fine 
weather for the future ; but to the judg- 
ment of those who are not to be deceived 
by the ever-ascending rate of all sorts of 
security, the prediction of the rapid rise 
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of a storm is not a fanciful tale. Twice 
within one week the Imperial Bank has 
had the courage to raise its discount 2 per 
cent. Insane speculation still continues, 


however, and the Russian people are de- 
vising no safeguards against the crash 
which must sooner or later greet their 
ears. 





CONDENSATION IN STEAM CYLINDERS. 


From “ Engineering.” 


The Patent Office records of this and 
other countries afford abundant evidence 


| 


ture, and the problem, therefore, requires 
for its solution the “invention” of a sub- 


of the energy with which a certain class | stance differing in its physical properties 


| 


of schemers have devoted themselves to 
the task of supplying wants which had 
no existence except in their own heated 
imaginations, or in the imaginations of 
persons who, like them, happened to be 
imperfectly acquainted with the princi- 
ples of the machine or apparatus which 
these uncalled-for inventions are intended 
to improve. Schemers of the class to 
which we are now referring—and a large 
class it is—require no such incentives to 
invention as are required to actuate more 
ordinary mortals. Very frequently they 
create imaginary wants for themselves, 
while at all times they are especially ready 
to grasp at the slightest hint of an impor- 
tant want existing—no matter from whom 
the hint may originate—and they imme- 
diately set to work to devise means for 
filling it without troubling themselves to 
ascertain whether the hint has any foun- 
.dation in fact or not. To such schemers a 
most enticing problem has lately been 
held out by a contemporary of ours, and 
we do not doubt that some dozens of in- 
ventors are hard at work upon it at the 
present time. Our contemporary has 
discovered—and has announced his dis- 
covery—that the mun who can produce a 
steam cylinder which “ will neither ab- 
sorb nor give out caloric,” will “ effect the 
most important improvement in the steam 
engine that has been made since James 
Watt invented the separate condenser.” 
Here, then, is a grand field of inquiry 
opened to inventors, and one in which, 
as we have said, there are no doubt many 
laborers. Now we are ready to admit 
that if such a cylinder as that of which our 
contemporary speaks could be produced, 
a certain amount of good might result, 
although not by any means so much as 
he appears to imagine; but a substance 
which “ will neither absorb nor give out 
caloric” is at present unknown in na- 





from any at present known, and capable 
in addition of being employed in the con- 
struction of steam cylinders. ' 
But it may be asked, whether, even if 
such a substance as that just referred to 
is not likely to be forthcoming, it may not 
be possible to so modify the construction 
of steam cylinders, as to cause them to 
approximate to what has been termed a 
condition of “thermal neutrality”? and 
this question brings us to the chief object 
of the present article. For one inventor 
who will search for a material suitable for 
cylinder construction, and yet perfectly 
impervious to heat, a score probably will 
endeavor to turn to account ordinary ma- 
terials to produce a cylinder which they 
deem will possess an approach to the de- 
sired property. Our contemporary has 
himself acted in this way, and he gravely 
proposes to his readers the employment 
of cylinders composed of a thin steel 
lining, packed around with lead (that 
metal having a lower specific heat than 
cast iron), or with compressed wvol or 
other substances. It is the fallacy in- 
volved in the advocacy of such schemes 
as these that we propose to expose, and in 
order to do this it may be advisable that 
we should, even at the risk of repeating 
well-known facts, recapitulate briefly the 
circumstances under which internal con- 
densation in steam cylinders takes place. 
Condensation in steam cylinders, then, 
is due to three principal causes, namely: 
first, to the loss of heat from the cylinder 
by radiation, etc.; second, to the conver- 
sion of heat into work which takes place 
during the expansion of the steam ; and, 
third, to the cooling of the inner surfaces 
of the cylinder caused by the evaporation 
from these surfaces, which goes on to a 
greater or less extent during the periods 
of expansion and exhaust. To the first 
and second of these causes we need only 
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refer incidentally, as they do not concern 
the matter specially under consideration, 
the real question to be dealt with being 
to ascertain to what extent the condensa- 
tion due to the last mentioned cause can 
be reduced by the adoption of such 
methods of construction as our contem- 
porary proposes. This question we pro- 
ose to discuss. 

When steam enters an unjacketed 
cylinder, it comes into contact with sur- 
faces at a lower temperature than itself, 
and a certain amount of condensation 
takes place to supply the heat requisite 
for raising the temperature of those sur- 
faces. In the first instance the steam thus 
condensed is replaced by a fresh supply 
from the boiler ; but after the point of 
cut-off is passed, and fresh cool surfaces 
are exposed to the steam, this condensa- 
tion causes a loss of pressure in the cylin- 
der. As the pressure falls during expan- 
sion, however, re-evaporation commences 
from the more highly heated surfaces, 
and soon this re-evaporation exceeds in 
amount the condensation effected by the 
fresh surfaces exposed by the motion of 
the piston, and the curve traced by the 
indicator then, instead of lying inside 
the theoretical curve, rises above it, the 
pressure actually existing in the cylinder 
at the point of exhaust being often from 
10 to 20 per cent. higher than that theo- 
retically due to the expansion of the steam 
from the pressure at the point of cut-off. 
During the period of exhaust a further 
evaporation takes place, and ultimately 
the internal surfaces are reduced to the 
temperature which they possessed when 
steam was admitted to them at the com- 
mencement of the double stroke we have 
been considering. Now, a very little con- | 
sidtration of these facts suffices to show 
that the real measure of the cooling of 
the internal surfaces which takes place, 
lies in the power of the material of which | 
the cylinder is composed to produce evap- | 
oration from these surfaces during the 
periods of expansion and exhaust, and it 
is a knowledge of this fact, we presume, 
which hasled our contemporary to suggest | 
the mode of constructing cylinders to | 
which we have referred. But, in making | 
this suggestion, he has neglected to con- | 
sider one other very important fact, | 
namely, the smallness of the quantity of | 
heat carried off by evaporation in this way | 
at each stroke, even in non-jacketed 





cylinders, and hence the fallacious char- 
acter of his proposal. If this quantity of 
heat was large in proportion to that stored 
up in the mass of metal forming the cylin- 
der, then good might result from the 
employment of thin steel linings backed 
up by materials of less specific heat; but 
as the facts really are, the thinnest steel 
lining which could possibly be employed 
in practice would be more than sufficient 
to produce all the effects of the thick cast- 
iron cylinders now in use. An example 
may perhaps explain this more clearly. 
Let us then consider the case of an en- 
gine which has been proved, by measure- 
ments of the water evaporated, or by other 
means, to be using 1,400 lbs. of steam in 
a certain unit of time, and let the quantity 
of steam used in the same time, as calcu- 
lated by measurements of indicator dia- 
grams at the points of exhaust, be 1,200 
lbs. Also let the quantity of steam used 
have been calculated from measurements 
taken from the indicator diagrams at the 
point of cut-off; and let the quantity used 
per unit of time amount, when thus cal- 
culated, to 1,000 lbs. In such an instance 
we see that 2-7ths of the whole quantity 
of steam entering the cylinder per stroke 
must have been condensed before the 
point of cut-off was reached, while of this 
quantity 4 was re-evaporated during the 
period of expansion, and the remainder 
was, we will suppose, evaporated from the 
cylinder surfaces during the period of 
exhaust. In adopting such an instance 
we have brought forward no exceptional 
case, but one of ordinary occurrence as 
all who. have had much to do with “indi- 
cating” engines well know. Let us now 
go a little further, and imagine the engine 
chosen as our example to have a 30 in. 
cylinder, with 5 ft. stroke, and to be 
worked with steam of a total pressure of 
75 lbs. per square inch, cut off when the 
piston has travelled 12 in. Taking the 
clearance spaces as equal to 2 in. in length 
of the cylinder, this cut-off would give an 
expansion (supposing it to continue to the 


end of the stroke) of a = 4.43 times, and 


the terminal pressure would be 16.9, or 
say 17 lbs. per square inch above a vacuum. 
The lowest pressure during the exhaust- 
stroke we shall suppose to be 3 lbs., and 
the temperature corresponding to the 
initial, terminal, and final pressures re- 
spectively, will then be, according to 
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Regnault, 307.5 deg., 219.4 deg., and 
141.65 deg. Next, the area of the piston 
being 4.9 square ft., and the length of 
cylinder up to the point of cut-off (includ- 
ing clearance) being 1.16 ft., we find the 
steam theoretically required per stroke to 
be 784 cubic ft.,and at 75 lbs. total 
pressure this quantity would weigh 1.28 
lb. But we have supposed tiat an 
amount, equal to 40 per cent. of this 
quantity is condensed per stroke, and 
afterwards re-evaporated, and we thus see 
that this 40 per cent., the re-evaporation 
of which effects the cooling of the cylin- 
der, amounts to 0.512 Ib. per stroke. 
Now, the amount of heat carried off from 
the metal of the cylinder, etc., by this 
water during its re-evaporation, depends, 
in a certain measure,upon the pressure un- 
der which that re-evaporation takes place. 
Half the quantity we have supposed to be 
re-evaporated during the period of expan- 
sion, and to avoid underestimating the 
cooling effect, we will suppose that this 
evaporation takes place entirely at the 
terminal pressure, and shall imagine that 
for each pound of water thus evaporated 
961.5 units of heat are abstracted from 
the cylinder. In the same manner we 
shall imagine that the half re-evaporated 
during the period of exhaust is all re- 
evaporated under the minimum pressure, 
the evaporation of each pound being ac- 
companied by the abstraction of 1,015.5 
units of heat from the cylinder. The mean 
quantity of heat abstracted from the cyl- 
inder per pound of water re-evaporated 
will thus be 
961 + 
sit ore = 988.5 units; 

and the quantity carried off by the 0.512 
lb. actually re-evaporated per stroke, will 
be 988.50.512—506.12 units. 

Next, taking the specific heat of cast- 
iron as } that of water (an approximation 
sufficiently accurate for the purpose in 
hand), we find that the quantity of heat 
abstracted from the cylinder per stroke 
by re-evaporation would suffice to cool 
506.129==4,555.08, or say 4,555 lbs. of 
cast-iron 1 deg. Now the range of tem- 
— in the cylinder of the engine we 

ave been considering is 165.85 deg., and 
if we suppose the actual surface to vary 
nearly through the same range of temper- 
ature, or say 160 deg., the mean variation 
of the whole mass effected would be about 
80 deg. Dividing 4,555 by 80, we thus 





get 56.9 lbs. as the weight of metal heated 
and cooled per stroke. But such a cylin- 
der as that we have been considering, 
would, with its cover, piston, and steam 
passages, expose an internal surface of 
about 534 sq. ft., and thus the quantity of 
metal cooled would be little more than a 
pound per sq. ft., or but about ; in. in 
thickness. Even if we suppose the sur- 
face temperature to vary but about } as 
much as that of the steam contained in 
the cylinder, and the mass of metal but 
} that amount, we should still have a 
thickness of but about +, in. affected, and 
this thickness, we need scarcely say, is 
much less than could be employed for such 
steel linings as our contemporary propo- 
ses to adopt. Again, supposing it possi- 
ble to employ a steel lining only 4 in. 
thick, this lining, together with a corre- 
sponding thickness of cover and piston, 
would have to vary in temperature but 
about 8} deg. to produce all the effects 
which it is our contemporary’s object to 
avoid. 

We are thus led to the conclusion that 
such systems of cylinder construction as 
our contemporary advocates would merely 
give rise to extra trouble and expense 
without effecting any beneficial results. 
The real preventative of internal conden- 
sation in cylinders is the employment of 
efficient steam jacketing and steam-heat- 
ed pistons, and of the double-cylinder 
system for large measures of expansion; 
and this our contemporary will eventually 
find out as others have before him, who 
have dabbled in the construction or at- 
tempted construction of non-conducting 
cylinders. The objections we have urged 
to our contemporary’s plans do not apply 
to the employment of thin steel linings 
fitted to cylinders, so that a space left 
around them forms the steam jacket. Such 
a method of constructing jacketed cylin- 
ders is very efficient for obvious reasons, 
and we hope to see its adoption extended. 





LARGE invoice of surveying instru- 

ments was recently shipped for Japan 
by the well-known manufacturers, W. & 
L. E. Gurley, of Troy. 





ther Nickel Plating companies of this 
city are rapidly extending the appli- 
cations of this branch of industry. 
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MECHANICAL TESTS. 


From ‘The Artizan,” 


Much time and thought have been ex- 
pended by some of our most competent 
mechanicians in devising means and appa- 
ratus for testing the strength of materials, 
and at the present time we certainly pos- 
sess great facilities for applying various 
kinds of strains to any samples we may 
desire to experiment upon. There is, 
however, a matter requiring most serious 
consideration which has reference to the 
value of the tests after they are performed, 
and the interpretation of the results which 
proceed therefrom ; for experience shows 
that although a sample of material may 
withstand a certain test once or twice, yet 
at some future and perhaps not very dis- 
tant time that same sample will rupture 
under a strain not equal to that applied 
at the time of testing, but considerably 
below it. 

Under these circumstances, it is evident 
that much judgment should be used in 
arranging Mechanical tests, and also in 
drawing conclusions from them as to the 
quality of the material examined ; where- 
fore we purpose devoting the present 
article to the subject of mechanical tests 
so far as they relate to iron. 

Some engineers have a great objection 
to iron which stretches notably previous 
to its fracture, but for purposes where the 
structure in which the iron is used is 
liable to alterations of strain, producing 
vibration and concussion, this description 
of metal is decidedly preferable. Good 
bar iron for girders and bridge-work may 
stretch nearly but not more than 1 in. per 
ft. previous to fracture, and ultimately 
break at about 23 to 25 tons per sectional 
square inch. Iron which will not stretch 
much is usually hard, and of less ultimate 
strength than the softer material here 
alluded to. About 3 in. as the ultimate 
elongation per foot may be very fairly spec- 
ified for the class of work to which we are 
alluding, but there should be no percepti- 
ble permanent elongation (or permanent 
set, as it is more commonly called), until 
the strain has reached at least 10 tons per 
sectional square inch. In stretching, the 
bars or pieces of plate necessarily become 
reduced in sectional area, and it may be 
worthy of notice that they contract chiefly 
in width, and scarcely at all in thickness, 





if they are tolerably thin, which is proba- 
bly due to the position in which they are 
rolled in the iron mill ; for the thickness 
of the bar or plate being determined by 
the distance of the rolls between which it 
is drawn, and its being squeezed through 
such rolls, it follows that the various lay- 
ers or lamina of metal are pressed very 
close together, so as to strongly resist be- 
ing brought into nearer proximity, whereas 
there being little or no pressure laterally 
upon the bars, the fibres are not in this di- 
rection so closely packed ; thus the bar be- 
comes narrower more readily than thinner 
than it was previous to being submitted 
to the process of testing. 

In testing structures or machines of any 
description especial care should be taken 
to guard against over-testing, and no test 
should ever be applied much in excess of 
the greatest strain to which the material 
will be subjected in ordinary work ; for 
if the iron be once injured the injury will 
be continually augmented by even moder- 
ate loads, and at last the work will give 
way under a strain perhaps one-half of the 
test load originally applied. In fact, we 
have no doubt that in many cases of acci- 
dents which have occurred, even after 
years of satisfactory working, the cause 
of the disaster is to be found in original 
over-testing of the metal inaugurating a 
slight flaw or lesion of the fibre which 
has gradually but surely increased, until 
at last the sectional area of the material 
which remains is insufficient to do even its 
ordinary duty. 

The safe working strain on iron is about 
one-half the load which produces the first 
permanent set, and this, as we have stated 
above, should not occur under less tension 
than 10 tons per sectional square inch, or 
say 20,000 lbs., hence the safe working 
load in tension on plate or bar iron may 
be taken at 10,000 lbs. per sq. in. of sec- 
tionalarea. In compression the permanent 
set should commence at 16,000 lbs. per 
inch, therefore the safe working load 
would be taken at 8,000 lbs. per sq. in. of 
sectional area. 

Now, let us see what is the proper course 
to pursue in testing material of which it is 
proposed to construct bridges or other 
works in iron. First, as to the terms of 
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the specifications, let us assume that the 
iron is not to stretch more than } in per 
ft. before rupture, and not to break 
under 14,000 lbs. per sectional square 
inch. In the first place, portions taken 
from plates, flat bars, and angle and the 
irons for the purpose, should be tested in 
order to ascertain their qualities ; this 
done, the iron used in the work should be 
examined carefully to see that there are 
no visible flaws in it, and if there be large 
masses of metal the fire test or the mag- 
netic test may be applied to ascertain if 
there are within it any imperfect welds or 
“ cold shuts” as they are technically term- 
ed; and when the work is complete it 
should be finally tested by loading it with 
the greatest load that can ever come upon 
it. This load should be left upon it long 
enough to allow the rivets, bolts, ete., to 
take their bearings (say 24 hours), after 
which it should be removed, the perma- 
nent set due to imperfect joints noted, and 
the load applied again, on removing which 
there should be no further permanent set 
notable. It may, however, in some cases 
happen that the joints will not all come 
down at the first loading ; but there is a 
point in every structure at which it will 
cease increasing its permanent set with 
recurring loads, if it be sufficiently strong 
to do its ordinary duty satisfactorily. 

Thus, to take an example to show how 
over-testing may lead to subsequent acci- 
dent, although at the time no injury is 
visible from the test applied ; let it be 
determined to test some iron to 15,000 lbs. 
per sectional square inch, and suppose 
there is a flaw in the metal which loses } 
of its area, then the actual strain per 
square inch on the remaining section will 
be 20,000 lbs.; hence on that part the 
point of permarent elongation is reached, 
and in the course of time successive loads 
continue to stretch the metal until at 
length it gives way altogether. Now, if 
that metal had been tested to a little over 
10,000 Ibs., the load which it was intended 
to sustain ordinarily, the metal would not 
have been injured even at the defective 
place, but would probably have done its 
work satisfactorily. On the other hand, 
it may be said that perhaps the load of 
10,000 lbs. might start an injury on some 
part of the structure—and even that might 
be the case—but still it is useless to run 
unnecessary risks of depreciating the 
strength of the material. 





While speaking of the inutility of severe 
tests we may refer to an accident which 
occurred some time since to a large chain 
of the description known as short-linked. 
The chain in question was tested to a load 
of over 16 tons gross weight, and a few 
weeks after snapped under a load which 
did not exceed 8 tons. The fractured link 
exhibited a cold shut, stowing that half 
the area of metal in the link was lost. A 
portion of the same chain tested to frac- 
ture showed an ultimate strength of over 
25 tons gross load. 

In our opinion, in respect to the question 
of chains a portion of any given chain 
should be cut of and tested to its breaking 
strain, and the remainder, or that part 
which is intended to be practically applied, 
should be tested to a load but slightly ex- 
ceeding that to which it will be habitually 
exposed ; and subsequently it should be 
submitted to the fire-test, which is conduct- 
ed as follows:—The chain is gradually pass- 
ed through a smith’s fire, andjevery link 
carefully examined when at a clear red 
heat, water being poured on each link, 
when any defective shut is sure to show 
itself, and all defective links must be cut 
off, and replaced by sound ones. With 
chains thus examined we have never had 
an accident in use, but have sometimes 
found two or three bad links in a length 
which had passed the ordeal of a licensed 
testing-house, thus showing that the ordi- 
nary chain test (unfortunately too much 
relied upon) is, in a practical sense, no 
guarantee at all of the safety of the chains 
tested, which, by the way, might be further 
instanced had we space to multiply ex- 
amples. 

The remarks made above on the over- 
testing of iron girders will of course 
equally apply to wrought-iron boilers, and, 
indeed, it seems absurd to test a boiler up 
to a pressure of 80 or 90 lbs. per square 
inch, which in actual working will never 
contain more than 30 lbs. per inch, and 
this is another instance of trying to be too 
sure. 

We will now pass on to the question of 
testing cast-iron girders. Here it may 
very easily be shown how important it is 
that the metal should be sufficiently elastic 
to allow of a notable amount of deflection 
before fracture, and more especially if 
the case of a sudden concussion be taken 
for example. If a body falls a certain 
distance it acquires a corresponding 
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amount of accumulated work, supposing 
there had been‘no resistance to its motion 
while falling; and this work is represented 
by its weight multiplied into the distance 
through which it has fallen. Let the 
weight equal 10,000 lbs. and suppose that 
the height of its fall is 40 in., then the 
amount of accumulated work acquired by 
the mass during its fall will be— 
100,000 lbs. X 40 in. = 400,000 inch-pounds. 


that is to say, work equal to 400,000 lbs. 
raised 1 in. high. 

Let us now assume that there are two 
cast-iron girders of equal ultimate 
strength, that is to say, that they will both 
break with the same weight laid upon 
them gradually, but that one deflects 2 
in. and the other 3 in. previous to rupture, 
that is to say, the latter deflects under a 
given load 50 per cent. more than the 
former, we shall find the one that deflects 
most suffers least from the blow of the 
falling weight. The amount of accumu- 
lated work in a body being known, and the 
distance through which it has to pass 
in expending such work, the force or 
pressure is ascertained by dividing the 
accumulated work by such distance. Now, 
the distance through which the weight 
has to pass is represented by the deflec- 
tion of the girder, consequently in the two 
cases we have the following means, loads, 
or pressures on the girders :— 

First girder—Mean load due to concus- 

, 400,000 
sion == — 7 = 200,000 Ibs. 

Second girder—Mean load due to con- 
r 400,000 
cussion —{— = 133,333 lbs, 

Hence the girder which deflects most 
suffers least mean load from the fall of a 
weight upon it, and what is true of a con- 
cussion thus produced must be true of all 
concussions. 

Having thus set forth the practical con- 
clusions to be drawn from mechanical 
tests, we shall close the present article, but 
probably shall before long resume the 
subject. 





New Iwnextineuisoaste Storm anp 
Dancer Sienat Licut.—This new 
signal, possessing most remarkable 
properties, has now been brought before 
the public. It was first exhibited at 
the President’s meeting of the Royal 





Society on 22d April, when it attracted 
great attention. The peculiarities of the 
signal light are, that it is self-igniting 
when placed in water or thrown on the 
sea. Contact with water being the only 
means of igniting the lamp, it is inextin- 
guishable when once ignited; neither 
wind nor storm has any effect upon the 
flame. The light is of intense brilliancy, 
and of great duration, and can be seen for 
a great distance in the open air. Photo- 
graphs may be taken by the light of this 
new signal. Experiments were tried on the 
evening of 25th April, at 10 o’clock, in the 
presence of some scientific gentlemen, to 
determine its brilliancy as a signal. A 
lamp was placed in a bucket of water on 
the top of Primrose Hill, and the light 
was so intense that after the signal had 
been burning for 20 min. small news- 
paper print could be distinctly read at 
a distance of 70 ft., notwithstanding 
that the night was thick and foggy. This 
new signal light will burn for over 40 
min. In construction the lamp is exceed- 
ingly simple, and so contrived that when 
once burnt the whole may be thrown 
away. The chemical preparation con- 
tained in the lamp is a solid, hard sub- 
stance, free from danger; not affected by 
heat, and so non-explosive; and the signal 
is comparatively inexpensive. Its appli- 
cations for marine signals are numerous. 
In case of shipwreck a few lamps thrown 
on the sea would illuminate the entire 
scene, and enable assistance to be promptly 
and efficiently rendered. For rocket-line 
apparatus it is equally valuable, as, burst- 
ing into a flame on falling into the sea, it 
would indicate the position of the rocket- 
line. In connection with life buoys it 
would be a mark to the drowning sailor. 
In life-boat services it would be a signal 
to the vessel in distress, and the brilliant 
light would greatly assist in the rescue. 
In cases of salvage, ships’ signals, tide and 
harbor warnings, the duration of the light 
renders this new invention of great value. 
As a railway signal, to be used by the 
guards and station porters in cases of 
accident, it is equally available, and will 
be of great utility. The difficulties of 
preparing the chemical compound have 
been entirely overcome by Messrs. 
Albright and Wilson, of Oldbury, the 
contractors for the manufacture of the 
lamp for Mr. Nathaniel Holmes, the 
patentee.— Nature. 
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NOTES ON LIME, MORTAR, AND CEMENT. 


From ‘‘The Engineer.” 


A pamphlet has been published at Alla- 
habad, by Mr. William Sanderson, C.E., 
executive engineer, irrigation branch of 
the Public Works Department, upon the 
subject of cement and mortar, with spe- 
cial reference to their use in the works un- 
der construction by the Department. The 
subject, especially that part of it which 
has reference to the natural cement 
stones, is of importance to engineers in 
India, and we therefore make the fol- 
lowing extract from Mr. Sanderson’s lit- 
tle work :— 

It is admitted by the engineers of the 
irrigation branch of the Public Works 
Department that the best hydraulic mor- 
tars and cement are desiderata for the 
masonry of all irrigation works, especially 
the Ganges Canal. For heavy masonry 
works of all classes it would be of great 
advantage to be enabled to use hydraulic 
cement in some proportion with ordinary 
mortar, 

Regarding this important subject of 
materials for mortars, it may be observed 
that in the remains of ancient works, both 
in the East and West, it has been well as- 
certained that the best mortars were pre- 
pared by the admixture of lime, with 
pounded brick or tile; yet in this country 
there are examples of the carelessness of 
observation of English engineers on the 
Great Indian Peninsula Railway and 
other works. The specifications of the 
Great Indian Peninsula Railway were for 
mortar one part lime and one part sand. 
Near the Western Ghauts it is possible 
that good mortar may have been made, 
because the sands are from the denuda- 
tion of trap rocks; but as the work pro- 
gressed further inland the sands procur- 
able were inert. The result of neglect in 
drawing up the specifications was the ne- 
cessity for reconstruction at a cost of a mil- 
lion sterling. There can be no doubt that 
the failure of the masonry works arose in 
a great measure from weak mortar. For- 
tunately, in some districts distant from 
Bombay, the kunkur from which lime was 
made contained the requisite ingredients 
for good mortar, the geological formation 
being different. In the Toombgee and 
Talikot lands of the Sholapoor district 
there are extensive argillaceous deposits 





from which combinations with carbonate 
of lime would form good kunkur. There 
are also fields of dolomite, granitic rocks, 
and other formations, from which the 
sands of the several nullahs are derived. 
The works on the south-eastern extension 
of the Great Indian Peninsula Railway 
beyond Sholapoor are superior to other 
works on that railway, in consequence of 
the natural store of suitable material for 
the best kinds of mortar. The inatten- 
tion to the provision of suitable ingredi- 
ents for good mortar at home arises, in a 
great measure, from the absence of any 
inducement to inquire into the subject, it 
being customary to specify a particular 
quality of lime and other materials from 
known localities, the business of prepa- 
ring lime having become a separate branch 
of trade; and so strong is habit that the 
form of specification suited to English 
works is copied for works of distant coun- 
tries. In India the clearest specifications 
for mortar are drawn up by engineers 
whose acquirements and practice are 
wholly Indian; but so strong is habit, that 
engineers of home training and Indian 
practice have been known to send to Eng- 
land for Portland and other hydraulic ce- 
ments, with vast quantities of material at 
hand, or procurable within a practicable 
distance in India. The disaster of Allaha- 
bad calls for a wider inquiry than was made 
by the committee whose object was the 
cause of that especial failure. An inquiry 
should be instituted throughout the coun- 
try as to the sources from which the lime 
used in public buildings is drawn and the 
modus operandi of its application. 

After devoting a chapter toa discussion 
on materials, with rough methods of an- 
alyzing them, the author proceeds to con- 
sider the natural cement deposits :— 

The pressing necessity for the best 
cementing materials for the vast system 
of irrigation works has impelled Govern- 
ment to direct experiments in various 
parts of India, but such as have been re- 
ported are inconclusive, or are a repeti- 
tion of experiments from which practical 
conclusions have been drawn long ago in 
Europe. Some of these experiments are 
published by Government. The last, No. 
206-141, of 1870, isa note by Mr. Tanner, 





eo Ss wrest Od S&S KH Oe ES’ 


— | — ain al 


hao 4 of Cf, 


ee ee ee ee ee ee ee ee 


[VAN NOSTRAND’S ENGINEERING MAGAZINE. 205 





M. IL. C. E., to superintending engineer, | “first memorandum*” was submitted on 
Sirhind Canal, containing some useful in-| the 28th June, 1868, and an application 
formation about concrete, especially re- | was made by Col. Brownlow for the sanc- 
commending the use of material broken| tion of Government. to expend 1,050 
small before mixing with lime, ete. It| rupees in experimental manufacture of 
has been known and practised for 35 | artificial hydraulic cement at Azofnuggur, 
years, in France particularly, where béton | about 4 miles from Roorkee, where is a 
for strong work of small dimensions is | fall of 8} ft., a locked channel on which 
composed of lime, trap, and stone, broken! are placed corn mills, and there was a 
to pass a fin. ring; béton thus composed | turbine for lifting water, which was to be 
is “rammed,” precisely as was done by | repaired and turned to use in moving the 
Mr. Tanner. Another piece of advice is | incorporating and pulverizing machinery 
given by that gentleman, and also by Mr. | necessary for the economical manufacture 
Palmer, an executive engineer, which is| of cement. The sanction of Government 
worth all the 9 pages of foolseap contain-| was obtained, and Mr. Sanderson was 
ing their report, viz., that “lime should | directed to conduct the experiment. No 
be used fresh, and that not more than 4| notice was taken by Government of the 
days’ consumption should be prepared at | reference to the natural cement stones, 
once.” but orders were given to manufacture 
For several years these experiments and | artificial hydraulic cement. 
research have occupied the thoughts and; Mr. Sanderson was called away from 
leisure of engineers employed on Indian | Roorkee elsewhere, and the management 
irrigation works, but the result has| of the experiment devolved upon persons 
hitherto been small ; and so difficult is it | who were not interested in it, and who did 
to break off old habits, that an executive | not view with satisfaction what was con- 
engineer in 1868 sent in a requisition for | sidered an innovation, and a year after 
1,000 maunds of Portland cement for the | the Government order on the subject, Mr. 
annual repairs of his division of irrigation | Sanderson having returned to Roorkee, 
works. This was casually mentioned by | and being directed to continue the experi- 
Col. Brownlow, superintending engineer, | ment, found that the kiln had been built 
to Mr. Sanderson, a civil engineer, who | without care or supervision, and it had to 
had come out to serve for 5 years in the | be taken down and rebuilt—the turbine 
Public Works Department under a cove- | had not been repaired and placed in posi- 
nant with the Secretary of State for India, | tion—in fact it had been wholly removed. 
and to that casual communication is due| No incorporating machinery had been 
the experiments and research which has | provided, and in August, 1869, Mr. Sand- 
led to the discovery of an extensive de-|erson resumed the experiment of manu- 
posit of argillaceous limestone near the | facture by primitive and costly process, 
head of the Ganges Canal at Hurdwar. and brought it to a conclusion by the 
Oa Mr. Sanderson’s statement, that! production of 350 cubic ft. of cement in 
Portland and Roman cements were great-| lump and 200 cubic ft. lime at a cost of 
ly deteriorated by long sea voyage, and | 550 rupees, in addition to what had been 
that numerous failures had resulted from | previously expended. 
the transport of hydraulic cements to| On completion of the experimental 
colonial and Indian ports, and that ma-| manufacture the second memorandum 
terial could be obtained in any quantity | was submitted to Government, in which 
for the manufacture of artificial hydraulic | was repeated the assertion that natural 
cement, Col. Brownlow directed him to| cement stones were procurable in suffi- 
draw up a memorandum on the subject, | cient quantity, and that the cost of incor- 
and Mr. Sanderson accordingly com-| poration of ingredients could be avoided. 
menced an examination of the limestone} Colonel Brownlow had been succeeded 
boulders of the bed of the Ganges at| by Captain Moncrieff, R. E., as superin- 
Hurdwar, and found specimens of true|tendent engineer, who wrote officially 
cement stone, being fragments detached | (when forwarding Mr. Sanderson’s “se- 
from beds of argillaceous limestone, | cond memorandum ”) in reference to the 
rounded by attrition. After small ex-| reported discovery of natural cement 
periments with pure limestone with clay, | oe : cpnieiag 


* The memoranda alluded to are published by Mr. Sander- 
and the specimen of cement stone, the! gon in an appendix to his work. . ' 
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stones in the Sewaliks and Dehra Dhoon, 
that he thought the probability was against 
the natural cement stone being found, 
because the experienced geologist, Sir 
Proby Cautley, who was so intimately ac- 
quainted with the Dhoon, would have 
discovered it, could it have been found. 
This was certainly not very encouraging. 
Indeed it was rather derogatory to Mr. 
Sanderson to have his assertion doubted, 
and the doubt exhibited in an official 
communication, he was instructed to frame 
an estimate of the machinery necessary to 
establish a cement manufactory at Azof- 
nuggur, but no distinction was drawn be- 
tween a manufactory of artificial hydraulic 
cement and that for the pulverization of 
natural cement stones. The cost of ma- 
chinery for artificial hydraulic cement to 
that of simple pulverization of calcined 
natural cement stone is as 3 to 2, and the 
cost of working as 3 to 1. 

Iu reply to the superintending engineer’s 
letter, in which he expresses a doubt as 
to the assertion by Mr. Sanderson that he 
had found natural hydraulic cement stone 
procurable in large quantities, the chief 
engineer wrote an official, enclosing a 
printed report showing that Mr. Sander- 
son was unfortunate in his endeavors to 
serve the State. 

It is not considered proper to publish 
official letters without Government sanc- 
tion, therefore Mr. Sanderson confined 


to bring to the general notice among the 
civil engineers, and others connected with 
the works in progress over a large area, 
that the material called Portland cement 
can be manufactured in Indig, and used 
fresh at a third of the cost at which it is 
brought to Calcutta from England. With 
proper machinery artificial cement can be 
manufactured for 12 annas per cubic ft., 
the average cost of Portland cement being 
2.4 rupees per cubic ft. It is not the 
present object in this paper to advocate 
the manufacture of artificial hydraulic 
cement, but to show by what steps the 
discovery of natural cement stone in the 
Sewaliks and Dehra Dhoon was made, 
and to bring to notice that there is abun- 
dance of material near Hurdwar. 

It has already been shown that speci- 
mens of natural cement stone were found 
in the Ganges bed in May, 1868, experi- 
mented upon and reported to Government. 
Also, that while experimenting on the 
manufacture of artificial hydraulic cement 
in August and September, 1869, at Azof- 
nuggur, a few bushels of natural cement 
stones were tried, and the specimens, raw 
and prepared, were sent to the superin- 
tending engineer to be submitted to 
Government. 

In the beginning of 1870 further speci- 
mens were collected from the Jhakun 
Rao, near Bhogpoor, at the foot of the 
Himalayas ; upon these, and samples of 





himself to saying that he wrote in refer-| kiln-core, from Kunkul and Hurdwar, 
ence to the enclosing official letter, to the | experiments were made, and the results 
effect that he merely, in obedience to| communicated to the superintending 
Colonel Brownlow’s instructions, wrote | engineer, but with no result in obtaining 
the “first memorandum,” and that on | any recognition of the fact of the discovery 
taking charge of the experiment in Au-| of natural cement stones in sufficiert 
gust, 1868, he had nothing to do with dis- | quantities in the Dehra Dhoon ; and in 
bursement, nor had he any control over | May, 1870, having completed certain sur- 
expenditure beyond limiting the number | veying duties, Mr. Sanderson set ont to 


of laborers to actual requirements, and 
that the cost of the experiment appears to 
have been much increased by a want of 
supervision and by altering the original 
arrangements as suggested in the “ first 
memorandum,” and to which special ref- 
erence was made in his “second memo- 
randum.” 

Although discouraged by the expres- 
sions of dissatisfaction of the Government, 
North-western Provinces, and of doubt as 
to the truth of his assertions as to the 
discovery of natural cement stones, Mr. 
Sanderson continued his research and 


make a personal inspection and a careful 
exploration, and on the 9th May reported 
to the superintending engineer the exist- 
, ence of beds of argillaceous limestone of 
considerable extent close to the town of 
Hurdwar and to the head of the Ganges 
Canal, and submitted to him plans for the 
necessary machinery for pulverizing the 
calcined cement stone, with estimates, 
etc., accompanying a memorandum. 
Again, the superintending engineer 
wrote to Government to say that he could 
not alter his opinion, that it is very unlikely 





- experiments, with a view to a publication, 


that Sir Proby Cautley should have missed 
a good natural cement procurable to any 
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extent in the Dehra Dhoon ; but he ad- | trials, suggested on the 20th July to be 
mitted that Mr. Sanderson had collected | intrusted to a committee, and now sub- 
more specimens, and considered that he | mits a list of experiments on the adhesive 
had proved his point. He also-directed | properties and tenacity of hydraulic 
the chemical analyst to make a report, | cement, obtained from the Sewalik spurs 
and Mr. Sanderson presented Dr. Murray | near Hurdwar. One preparation being a 
Thompson with 3 specimens of natural | pair of bricks, joined crossways by 4°; in. 
cement stone for that purpose. thickness of cement, has undergone a 

The argillaceous limestone thus dis-| trial to the extent of 1,037 lbs. without 
covered lies in a spur of the Himalayas, | being ruptured, the area of joint being 
near Bhogpoor. Large quantities of) 20} sq. in., the strain applied was 504 lbs. 
cement stones of several kinds are pro-| per sq. in. This preparation (No. 4 of 
curable in the Jhakun Rao, the bed of a| the experiments) is forwarded to the 
mountain torrent issuing from the Himal- | superintending engineer. Experiment 


aya, near Bhogpoor, but the most valuable | 
discovery of all was argillaceous limestone | 
beds near Hurdwar. 
Mr. Sanderson took a quantity of the | 
Hurdwar cement stone to Muhewar (a | 
canal store depot 3 miles from Roorkee), | 
and prepared about 25 cubic ft. of cement 
powder, and of this 3 in., 2 in., and 1 in. 
cubes were formed by lever pressure of | 
800 lbs., and immersed on the 15th June, | 
1870. Pairs of bricks were joined, and | 


other forms for trial were prepared and 
immersed, and in July, 1870, he reported 
this preparation for the several tests of | 


the Hurdwar cement, and referring to the 
singular continuance of doubt on the sub- 
ject, he suggested that Government should | 
order a committee to assemble to inspect 
the argillaceous limestone beds near 
Hurdwar, to make the tests for adhesive | 
and cohesive properties, and report to | 
Government. He also suggested that 
about 10 cubic ft. of the cement powder 
should be distributed among the execu- 
tive engineers for test as to time of setting | 
and of induration, and of the extent of 
induration after 30 days’ immersion in | 
water. In reply the superintending en- 
gineer simply told Sanderson to send the | 
cement to the several executives, and this 
was done on the 19th August, 1870. 
' No notice having been taken, and as the 
season was advancing, Mr. Sanderson 
proceeded to make the tests for the ad-_| 
hesive property of the Hurdwar cement, | 
and submitted the results to the superin- | 
tending engineer for the information of | 
Government, as follows : 

“Referring to memoranda dated 7th | 


May and 20th July, forwarded to the | 


Superintending Engineer, 1st Circle Irri- 
gation Works, North-Western Provinces, | 


No. 5, made with the assistance of Lieu- 
tenant G. Hildebrand, R. E., showed an 


| extreme of adhesive power—1,054 lbs. or 


me == 52} Ibs. per sq. in. 

“Of the specimens forwarded herewith, 
No. 3 is a 3-in. cube of sand and cement 
in equal parts; No. 9 of experiments was 
on a preparation of joint } in. in thickness, 
and area 20} sq. in. The weight applied 
was 547 lbs., showing adhesiveness of 27 
Ibs. per sq. in. 

* The other specimens are cubes of pure 
cement prepared for trial of crushing 
power. 

“ Specimens of the raw and burnt stone 
of cement powder, and of preparations 


have been placed in the museums of Roor- 


kee and Calcutta. 

“List of specimens forwarded to the 
superintending engineer with the forego- 
ing report of experiments for information 
of Government, dated 4th November, 1870 
—(1) A pair of bricks joined crossways, 
age of joint 105 days, No. 4 of list of ex- 
periments; (2) the broken mass of cement, 
No. 9 of list of experiments ; (3) a 3 in. 
cube of cement and sand in equal parts ; 
(4) a 3in. cube of neat cement; (5) a2 
in. cube of neat cement ; (6) a1 in. cube 
of neat cement.”—(See p. 208.) 

The note, with report of experiments 
and specimens, was not acknowledged, and 
Mr. Sanderson then sought for a means 
of testing the resistance to crushing. This 
was found in the hydraulic press of Roor- 
kee workshops, which was repaired, put 
in order, and kindly offered for use by 
Mr. A. Campbell, the superintendent, who 
had the press worked and assisted at the 
trial. 

The test for crushing power was report- 


for the information of Government, Mr. | ed as usual to Government ; 3 trials gave 
Sanderson states that he has made the amean of 497 lbs. to the sq. in. ; the 
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press was somewhat out of order, and 
required care in working to ascertain the 
amount of pressure ; one of the cubes 
appeared to have required 720 lbs. to the 
sq. in. ; this was not taken for the mean ; 
it may be fairly stated the resistance to 
crushing power of Hurdwar cement is 500 
Ibs. per sq. in. This, the final communi- 
cation, is dated 19th November. No no- 
tice was taken by Government after Jan- 
uary, 1870, nor by the superintending 





engineer after May, 1870 (except to give 
instructions to distribute sampies of the 
cement to executive engineers), of the 
several letters, memoranda, reports of ex- 
periments, and frequent communications 
of allsorts on this important subject ; 
neither have the executive engineers to 
whom specimens were forwarded, ac- 
knowledged receipts of them, or noticed 
in any way the note accompanying the 
despatch. 


Tabular Statement of Experiments on the Adhesive and Cohesive Power of Hydraulic Cement, prepared from 
the Stone procurable at Hurdwar, and described in Mr. Sanderson’s Memorandum, dated 7thMay, 1870, 


R, near Roorke, 


28th October, 1870. 


MuHewa 











| 
| 
| 


| 


Experiments. | 


Date of 


Experiment. [Form of Preparati 


Number of 
Weight 
applied, 


on. Remarks. 








18th Oct., 1870 
Do. do. 


ways, 1-16 in, join 
Pair of stone—Hu 
sandstone—size of 
cement 1-16 
1870 


20th Oct., Pair of bricks joined 


Do. 
Do. 


Do. 


do. 
de. 


do. 


Do. do. 
22d Oct., 1870 

Do. do. 
25th Oct., 1870 


Do. Pair of bricks joined 


Do. 


do. 
do. 


18th Oct., 1870 


Area of section on 
two square inches, 











Pair of bricks joined cross- 


ways, cement 1-16 


do. 
do. 


do. 


Agra sandstone, pair size 
of bricks, cement 1-16.. 


y 
Joint of cement 1 part, 
sand 1 part, pair of bricks 





Bae » 
rdwar 
brick- 


Joined, not sundered—50lbs. per sq. in. 


The suspending wire to weight tray 
broken, joint sundered by concussion. 
cross- 
Joint sundered, face of brick partially de- 

tached. 
105 | Joined, not sundered—51 Ibs, per sq. in. 
132 | Clear separation of cement from brick— 
|  §234 Ibs. per sq. in. 
105 | Cement broken, defective joint, air 
cavity. 





132 | Clear separation of cement from stone— 
48 lbs. 


cross- 


105 | Face of brick torn off—40 Ibs, 


Clear separation of mortar from brick— 
27 lbs. per sq. in. 





a, b 
: | 182 | A test of the tenacity of the cement, prov- 
ing it to be 101% lbs. per sq. in. 








Whether it is that the officials of the D. 
P. W., from the highest to the lower 
grades, are overwhelmed with the enor- 
mous quantity of office detail,in docketing, 
minuting, code-form work, and intricate 
forms of accounts, or that a general feel- 
ing of dislike to innovation prevails in the 
department, certain it is that there is 
more difficulty in obtaining recognition of 
a valuable material newly brought to 





notice than in England, where settled 
trades and vested interests have tu be 
contended with. It is not simply the re- 
peated notices and assertions in reference 
to the valuable cement stone procurable 
at Hurdwar fail to draw attention, but 
the whole subject seems distasteful and 
meets only neglect, as the following will 
show :— 

The chief engineer, in his printed re- 
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port, dated 18th January, 1870, on the 'and the frame-work half washed away, the 
experimental manufacture of artificial | mortar troughs and mill covered with 
hydraulic cement, ordered by Govern-/ vegetation. In the troughs 200 to 300 
ment in August, 1868, says : “ It appears | cubic ft. of lime had been suffered to be- 
that the work which the chief engineer come waste, and the 300 cubic ft. of cement 
was constantly urging should be pushed | had been left to the action of rain and 
on, was carried on intermittently and| wind, and was utterly spoiled ; yet with 
without interest by Mr. H., who,” ete. | reference to it the chief engineer had re- 


This was in reference to the building of 
a kiln at Azofnuggur for the burning and 
incorporation of lime and clay in this im- 
portant experiment. 

The kiln had been designed in June, 


ported on 18th January, 1869, that “ the 
cohesive property of the cement at any 
rate is good.” This 300 cubic ft. of ce- 
| ment represented a value of 267 rupees, 
'and the kiln 287 rupees, and it can be 


1868, by Mr. Sanderson, on Mr. Vicat’s shown that the artificially manufactured 
principle of alternate fires; it was not cement had the highest hydraulic proper- 
built to plan, and was in August, 1869, | ties. 
carefully rebuilt; as it was but experi-| This utter neglect of a matter of the 
mental, the fire-pits and the parts con-| highest importance to the Public Works 
nected were of sun-dried bricks in clay. | officials, and of the interests and property 
It was surmised that continual burning | of Goverment, can only arise from sheer 
would bake the inside, and whatever dam- | inability to spare any time or thought from 
age the outside sustained by weathering the multiplicity of detail that weighs on 
could be easily repaired by packing up| the professional officials of the Public 
with moistened clay. On the sun-dried | Works Department. 

brick in clay basement a rim of kiln-burnt| Seventy or eighty years ago Mr. Parker 


brick in mortar was laid, and above the | made cement from nodules found in the 
rim the cupola was built of kiln-burnt | Isle of Sheppey ; he was the first to re- 
brick in clay. This structure was left in | cognize the valuable combination of the 
good repair after completing the experi- proper ingredients in the natural cement 


mental manufacture of hydraulic cement | stones; he had to contend with ignorance 
in November, 1869. and prejudice, but without any aid from 

There was also an old turbine in the| high authority he shortly succeeded in 
mill waste chamber of the lock at Azof- forcing a market for his new material, 
nuggur, which Mr. Sanderson had propo- | which he called “Roman Cement,” be- 
sed to utilize in the experiment, as the | cause the Romans were known to have 
motive power to the incorporating and | used hard water-resisting cements made 
pulverizing machinery. It has already | from similar substances. Other names 
been stated that this turbine was not made! have been added, and we have “Atkin- 


available for the experimental manufac- 
ture, on completion of which 350 cubic ft. 
of cement were placed in a shed, and it was 
strongly urged that the cement should be 
used in the annual repairs of the Ganges 
Canal. See also in second memorandum, 
even if it was not ready for use in 1869 it 
could have been stored in bulk and pul- 
verized for use at the time of the same 
repairs in 1870. 

The same “ want of interest,” of which 
the chief justly complained, was manifest 
in the neglect of the Azofnuggur cement 
works. Mr. Sanderson went to inspect 
them little more than a year after he had 
completed the experimental manufacture, 
and found the kiln falling into decay; the 
work had stood well, but the mass of sun- 
dried brick was channelled by flow of 
rain-water. The turbine was removed, 


Vor. V.—No, 2—14 


| son’s,” “Frost’s,” Medina’s,” etc., cements, 
but they are all similar to each other, 
from various argillaceous limestone forma- 
tions. The trade has grown so enormously 
that the septaria or nodules of argillaceous 
limestone found near Harwich alone sup- 
ply annually 1,800,000 cubic ft. of cement 
powder. 

The Hurdwar cement stone is found in 
beds under the foot of the Sewaliks, 
which are composed of upheaved strata of 
indurated sand, between which are the 
thin beds of argillaceous limestone. In the 
district close to the town of Hurdwar, 
these beds vary in thickness from 2 ft. to 
9 ft., and they can be worked so as to 
prepare the material close to the bank of 
the navigable stream leading to the 
Ganges Canal head. Abundance of fuel 
is in hand, andif a fair arrangement with 





\ 
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the forest department could be effected | 


Hurdwar cement, with all the valuable 


the cost of fuel suitable for the kilns would | properties, equal to Portland and Roman 
not be more than 10 rupees per hundred cements from England and at 15 per cent. 


maunds, as the smaller wood and spray is 
as valuable as the heavier wood sold to the | 
railway companies. The coarse reed-grass, | 
dead leaves, vegetable refuse of all sorts, | 
by an arrangement could be brought into | 
use with good effect. 

The Hurdwar stone contains :— 

Carbonate of lime 51 

Silica and alumina, and other matter. 49 

A minute chemical analysis has not been 
yet obtained ; the quantity of carbonate 
of lime was ascertained by the fire and | 
muriatic acid tests. 

The stone should be burnt in conical 
kilns just sufficiently to drive off the water 
and carbonic acid. It loses 30 per cent. 
in its weight in the process ; the calcining 
should, therefore, be done at Hurdwar to 
save carriage of fuel and superior weight 
of raw stone. The calcined stone should 
then be removed to Azofnuggur, or to one 
of the falls on the Ganges Canal, where 
water, as a motive power, would be avail- 
able, and after thorough pulverization, by 
machinery in a pan containing a pair of 
rollers, it should be put in sacks or casks. 

The cost of Hurdwar cement is estima- 
ted as follows :— 

Say, 500 cubic ft, of argillaceons lime- 

stone, quarried and loaded in kilns, at 
6 rupees per 10 cubic ft 

450 maunds fuel at 10 rupees per 100 

maunds 


‘Two laborers, 20 days—40, at 3 annas 
per day 


t 100 


3000 
4500 
780 
1280 
7120 
600 
240 


100, at 2 annas each 
Boat and lading charges, 20 miles, 
400 maunds 


ete 

Two skilled workmen, 3 days=6, at 6 
annas each 

Payable to Dehra Dhoon authorities, 
400 maunds, at 6 rupees per 100 
miaunds 


Cost of 600 cubic ft, cement powder. 135 00 


or a little over 22 rupees per 100 cubic ft., 
that is, if the abundance of fuel will be by 
permission of Government available. At 
any rate the cost would not be more than 
30 rupees per 100 cubic ft., as estimated 
in the beginning. The average cost of 
Portland cement at Calcutta is 9 rupees 
per barrel containing 5 bushels or 4} cubic 
ft.; this would give 200 rupees per 100 





cubic ft. 


of the cost at Calcutta of the latter, can 
be delivered at any place on the Ganges 
Canal, plus the cost of carriage by boat 
from Roorkee ; and it is to force this fact, 
which has not been recognized by the 
Government, North-west Provinces, on 
the attention of those engaged in the 
construction of public works in this coun- 
try, that this note has been ‘prepared for 
circulation. 

At extreme distances, where increased 
cost of carriage would be an obstacle to 
the use of Hurdwar cement, artificial hy- 
draulic (Portland) cement, which may be 
considered to be an improved hydraulic 
ime, and occupies an intermediate posi- 
tion between the best hydraulic limes and 
the fine “ Hurdwar” natural cement, could 
be manufactured from preparations of pure 
lime and clay, both ingredients being 
generally procurable; the cost of this 
manufacture being about 60 rupees per 
100 cubic ft. 





pry Enetnes at Mitan.—The number 
of steam-engines at Milan has been 
greatly increased within the last few 
years, and there are now double the num- 
ber there were three years ago. In 1850, 
there was only 1 steam-engine at work ; 
10 years later (1860), 17; in 1864, 24; 
in 1867; 37, and at the present time 74. 
In the commune of the Corpi Santi, 
which comprises all the suburbs of Milan, 
and containing a total population of 
60,000 persons, the number of steam- 
engines is 45. One of Howard’s patent 
boilers is now being put up at a large 
distillery in Milan. 





ie cost of the drainage works of Cal- 
cutta, so far as they are at present 
completed, has been about £470,000, in- 
cluding £25,000 paid for land. The sys- 


tem consists of 3 classes of sewers. The 
large ones, or those of the first-class, 
are five in number, and go down the main 
thoroughfares ; into these a smaller, or 
the second-class drains, are carried ; 
whilst the third-class, or smallest of all, 
take in the drainage from the narrow 
lanes. 
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THE GENERAL OCEANIC CIRCULATION. 


From “ Nature.” 


Among the results of the Porcupine 
Expeditions of 1869 and 1870, there are 
perhaps none more important than those 
relating to the Temperature of the Deep 
Sea. For it is only to such accurate de- 
terminations of ocean temperatures as 
have now been made for the first time, 
not only at the surface and the bottom, 
but also at intermediate depths, that a 
really scientitic theory can be framed of 
that great Oceanic Circulation, which, 
while it eludes all ordinary means of 
direct observation, -seems to produce a 
far more important effect, both on terres- 
trial climate and on the distribution of 
the marine fauna, than that of the entire 
aggregate of the surface-currents which 
are more patent to sight. The latter 
usually have winds for their prime mo- 
tors, and their direction is mainly deter- 
mined by the configuration of the land; 
so that their course and action will 
change with any superficial alteration 
which either opens out a new passage or 
blocks up an old one. The former, on 


the other hand, depending solely on dif- 
ference of temperature, will (to use Sir J. 
Herschel’s apposite language) have its 
movemen;', direction, and channels of 
concentration mainly determined by the 
configuration of the sea-bottom; and vast 


elevations and subsidences may take 
place in this, without producing any 
change that is discernible at the surface. 

The history of the doctrine of the gen- 
eral oceanic circulation has been recently 
given in the Anniversary Address of the 
President of the Geological Society, with 
a completeness which (so far as we are 
aware) had never been previously paral- 
leled. But this doctrine has hitherto 
rested on the very insecure foundation of 
observations which were alike inadequate 
and inaccurate ; and it has consequently 
been discredited, both by physicists and 
by physical geographers. It is now im- 
possible to assign a precise value to the 
older observations upon deep-sea tempera- 
atures. For it was shown by the careful 
experiments which were made by Mr. 
Casella two years ago, under the direc- 
tion of the late Prof. W. A. Miller, Dr. 
Carpenter, and Captain Davis of the Ad- 
miralty, that the pressure of sea-water at 





great depths on the bulb of the thermome- 
ter—a pressure amounting to about a ton 
per sq. in. for every 800 fathoms—exerts 
so great an influence on even the very 
best instruments of the ordinary con- 
struction, as to cause a rise of 8 or 10 
deg. under an amount equivalent to that 
which would be exerted at from 2,000 to 
2,500 fathoms’ depth ;* and the error 
of many thermometers under the same 
pressare was two or three times that 
amount. There is reason to believe that 
some of the thermometers formerly em- 
ployed, especially in the French scientific 
expeditions, were protected against that 
influence ; but no such protection ap- 
pears to have been applied to the ther- 
mometers supplied to Sir James Ross’s 
Antarctic Expedition; and the observa- 
tions by which he supposed himself to 
have established the existence of a uni- 
form deep-sea temperature of about 39 
deg., now seem to have been altogether 
fallacious. So again, Captain Spratt’s 
observations in the Mediterranean, though 
made with great care, were seriously 
vitiated by this source of error. 

It appears from Mr. Prestwich’s ex- 
haustive summary, that as long ago as 
1812 Humboldt had maintained that such 
a low temperature exists at great depths 
in tropical seas, as can only be accounted 
for by the hypothesis of under currents 
from the Poles to the Equator. And this 
view was adopted by D’Aubuisson, Lenz, 
and Pouillet ; the latter of whom consid- 
ered it certain “that there is generally 
an upper current carrying the warm 
tropical waters towards the Polar seas, 
and an under current carrying the cold 
waters of the Arctic regions from the 
Poles to the Equator.” Our Arctic navi- 
gators had met with temperatures in the 
Polar seas as low as 29 deg. at 1,000 fath- 
oms ; and these observations have been 
more recently confirmed by those of M. 
Charles Martins and others in the neigh- 
borhood of Spitzbergen. Several in- 
stances are recorded, on the other hand, 





* Mr. Prestwich cites Dr. Carpenter as estimating the error 
from pressure “at 2 deg. or 3 deg. or even more,’”’ The 
error is said by Dr. Carpenter t» haye been from 2 deg. to 3 
deg, on the depths of from 500 to 700 fathoms first explored; 
bat would have been from 8 deg. to 10 deg, at the deptus 
subsequently reached. 
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in which temperatures of from 38 deg. to 
35 deg. were observed at great depths 
nearly under the Equator ; and this alike 
in the Atlantic, Pacific, and Indian 
Oceans. 

The temperature. soundings taken in the 
Lightning and Porcupine Expeditions, 
with trustworthy instruments, have 
shown:—(1) That in the channel of from 
600 to 700 fathoms’ depth which lies be- 
tween the North of Scotland, the Orkney 
and Shetland Islands, and the Faroes, 
there is an upper stratum of which the 
temperature is considerably higher than 
the normal of the latitude ; whilst there 
is stratum occupying the lower half of 
this channel, of which the temperature 
ranges as low as from 32 deg. to 29.5 deg.; 
and a “stratum of intermixture” lying 
between these two, in which the tem- 
perature rapidly fills—as much as 15 
deg. in 100 fathom: (2.) That off the 


coast of Portugal, beneath the surface- 
stratum, which (like that of the Mediter- 
ranean) is super-heated during the sum- 
mer by direct solar radiation, there is 
a nearly uniform temperature down to 
about 800 fathoms ; but that there is a 


“stratum of intermixture’ about 200 
fathoms thick, in which the thermometer 
sinks 9 deg.; and that below 1,000 fath- 
oms the temperature ranges from 39 deg. 
down to about 36.5 deg. (3.) That 
in the Mediterranean the temperature be- 
neath the super-heated surface-stratum is 
uniform to any depth; being at 1,500 or 
1,700 fathoms whatever it is at 100 fath- 
oms, namely from 56 deg. to 54 deg., ac- 
cording to the locality. To these may be 
added (4) the observations recently made 
by Commander Chimmo, with the like 
trustworthy thermometers, which, in lat. 
3 deg. 184 min. S., and long. 95 deg. 39 
min. E., gave 35.2 deg. as the bot- 
tom temperature at 1,806 fathoms and 
33.6 deg. at 2,306 fathoms. These 
seem to be the lowest temperatures yet 
observed in any part of the deep ocean 
basins outside the Polar area. 

It is clear, therefore, that very strong 
evidence now exists, that instead of a uni- 
form deep-sea temperature of 39 deg., 
which, on the authority of Sir James 
Ross, by whom the doctrine was first pro- 
iulgated, and of Sir J. Herschel, by 
whom it was accepted and fathered, had 
coue to be generally accepted in this 
csiutry at the time when the recent deep- 





sea explorations commenced, not only is 
the temperature of the deeper parts of 
the Arctic basin below the freezing-point 
of fresh water, but the temperature of 
the deepest parts of the great oceanic ba- 
sins, even under the Equator, is not far 
above that point. And it seems impossi- 
ble to account for the latter of these facts 
in any other mode than by assuming that 
Polar water is continually finding its way 
from the depths of the Polar basins along 
the floor of the great oceanic areas, so as 
to reach or even to crossthe Equator. And 
as no such deep efflux could continue to 
take place without a corresponding in- 
draught to replace it, a general circula- 
tion must be assumed to take place be- 
tween the Polar and Equatorial areas, as 
was long since predicated by Pouillet. 

Such a vertical circulation, it was 
affirmed by Prof. Buff, would be necessa- 
rily caused by the opposition of tempera- 
ture between the Equatorial and the Po- 
lar seas ; and this view was adopted by 
Dr. Carpenter, in his “Porcupine” Re- 
port of 1869, as harmonizing with the 
temperature-phenomena which had been 
determined in the expedition of that year. 
It has been since contested, however, not 
only by Mr. Croll and Dr. Petermann, but 
also by Dr. Carpenter’s colleague, Prof. 
Wyville Thomson, all of whom agree in 
regarding the amelioration of the tem- 
perature of the Arctic Sea as entirely due 
to an extension of the Gulf Stream, the 
underflow of Polar water being merely its 
complement. And the authority of Sir 
John Herschel was invoked against the 
idea that any general oceanic circulation 
could be maintained by difference of tem- 
perature alone; though his statements, 
when carefully examined, only go to 
prove that no such difference could pro- 
duce sensible currents. 

Such was the state of the question 
when the Porcupine Expedition of last 
year concluded its work ; and the results 
obtained, while confirmatory of previous 
observations, suggested to Dr. Carpenter 
a definite Physical Theory, which now 
comes before us with the express approv- 
al of the great philosopher who had 
been said to be opposed to it. 

Having ascertained, as our readers 
have learned from his report, the exist- 
ence of an outward under-current in the 
Strait of Gibraltar, which carries back 
into the Atlantic the water of the Medi- 
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terranean that has undergone concentra- 


tion by the excess of evaporation in its | 


basin, Dr. Carpenter applied himself to 


the consideration of the forces by which | 
the superficial in-current and the deep | 
out-current are sustained ; and came to | 


the conclusion that, as had been previ- 


ously urged by Captain Maury, a vera | 


causa for both is to be found in excess of 
evaporation, which at the same time 
lowers the level and increases the density 
of the Mediterranean column as com- 
pared with a corresponding column of 
Atlantic water. This conclusion, when 
scientifically worked out, was found to be 


applicable, mutatis mutandis, to the con- | 


verse case of the Baltic Sound ; in which, 
as was long ago experimentally shown 


(with a result that has recently been con- | 
firmed by Dr. Forchhammer), a deep cur- | 
rent of salt water flows inwards from the’ 
North Sea, whilst a strong current of | 


brackish water sets outwards from the 
Baltic, the amount of fresh water that 
drains into which is greatly in excess of 
the evaporation from its surface. 
Comparing, then, the Polar and Equa- 


torial areas, it is shown by Dr. Carpen- | 


ter that there will not only be a continual 
tendency in the former to a lowering of 
level and increase of density, which will 
place it in the same relation to the latter 
as the Mediterranean bears to the At- 
lantic ; but that the influence of Polar 
cold will be to produce a continual descent 
of the water within its area ; thus consti- 
tuting the primum mobile of the General 
Oceanic Circulation, of which no ade- 
quate account had previously been given. 
This conclusion, as our readers will have 
seen, has been most explicitly accepted 
by Sir John Herschel. 

Our limits do not admit of our follow- 
ing Dr. Carpenter through his discussion 
of the relative shares of the Gulf Stream 
and of the General Oceanic Circulation in 
that amelioration of the temperature of 
the Polar area, of which the industry of 
Dr. Petermann has collected a vast body 
of indisputable evidence; and for this 
discussion we would refer such of our read- 
ers as are specially interested in the 
question to the last part of the “ Proceed- 
ings of the Royal Geographical Society.” 
But as Dr. Carpenter has now shown a 
capacity to deal not merely with Physio- 
logical but with Physical questions, in a 
manner which has obtained the approval 


of some of the ablest physicists of our 
time, we hope that he will not again be 
accused (as he was by some of those who 
opposed his views on their first promul- 
gation) of venturing beyond his depth 
when he began to reason on these sub- 
jects, and of advancing doctrines which 
his own observations refuted. The ex- 
_clusive doctrine of the thermal action of 
the Gulf Stream advocated by Mr. Croll, 
rests, as Dr. Carpenter has shown, upon 
so insecure a basis, that a very large body 
of careful observations must be collected 
before any reliable data can be obtained 
as to the heat it actually carries forth 
from the Gulf of Mexico. And how much 
of this heat is dissipated by evaporation, 
as well as by radiation, before one-half of 
the Stream reaches the banks of New- 
foundland (the other half having turned 
round the Azores to re-enter the Equato- 
rial current), is a question which there 
‘are as yet no adequate data for determin- 
ing. On the other hand, in his conclu- 
sion that a great body of Ocean water 
slowly moving northwards, so as to carry 
with it a considerable excess of tempera- 
ture even to the depth of 500 or 600 fath- 
oms, must exert a much greater heating 
power than the thinned-out edge of the 
Gulf Stream, Dr. Carpenter seeins to us 
|to have both scientific probability and 
common sense on his side. 





TRON AND STEEL NOTES. 


To largest scales factory in the world is that of 

the Messrs. Fairbanks at St. Johnsbury, Vt. 
| Established in 1830, and then employing only a 
few hands, their factory now covers acres of 
| ground and gives constant employment to over 
500 men. 


| [non Parer.—In the Great Exhibition of 1851 an 
| k American specimen of iron paper was first ex- 
| hibited. A lively competition in iron rolling en- 
sued among British iron manufacturers, excited by 

| the above challenge from America, as to the thin- 
| ness to which steel could be rolled cold. Mr. 
| Gillott rolled sheets the average thickness of which 
| was the 1800th part of aninch. In other words, 
, 1,800 sheets piled upon each other would collec- 
tively measure an inch in thickness, whilst the 

| thinnest tissue paper to be purchased in the 
stationers’ shops measured 1,200th part of an inch. 
These very thin iron sheets are perfectly smooth 

| and easy to write on, although porous when held 
| up toa good light. It may not be out of place, 
| considering the great interest that is taken by 
| those connected with that great branch of industry 
the iron trade, to give a few curious particulars as 

to the extent iron can be welded, and the thin 
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sheets that can be rolled out. Brother Jonathan 
little thought what a hubbub would be created in 
the old country when from Pittsburg he sent that 
wonderful letter, written on a sheet made from 
iron, which took no less than 1,000 sheets to make 
lin. in thickness, the dimensions being 8 in. by 
5} in., or a surface of 44 in., and weighing 69 
grains. The fact had no sooner made its appear- 
ance in print than Britain’s sons began to work, 
and soon we heard of a sheet containing the same 
number of surface inches, but weighing only 4 
grains, had been made at the Marshfield Iron 
Works, Llanelly, Carmarthenshire, being exactly 
one-third less in weight. But soon the Welsh leek 
had to give way to the rose of England, for Staf- 
fordshire was anxious to take its wonted lead. The 
Hope Ironworks succeeded ia making a sheet of 11 
surface in., weighing but 89 grains, which, redu- 
ced to the American and Welsh standard of 44 
in., gives about 33 grains; Messrs. R. Williams 
and Co., 69 in., 49 grains; reduced to the same 
standard, about 31 prains. For a time Stafford- 
shire wears the belt, but Wales becomes very rest- 
Jess, and is anxious for the honor of St. David ; so 
further attempts must be made. Marshfield comes 
again into the field. They succeed in making one 
sheet, 8 in. by 5} in., or a surface of 44 in., of the 
astounding weight of 234 grains only, which re- 
qnired no less than 2,583 sheets to make 1 in. in 
thickness ; another sheet, 8 in. by 6 in., or 48 sur- 
face inches, weighed 25 grains, but brought to the 
standard of 44 in. gives but 23 grains, and requires 
2,950 sheets to make 1 in. in thickness. The Pon- 
turdawe Tinworks next come into the field witha 
sheet 143 by 7 5-16ths, or a surface of 115.17 in., 
weighing €0 grains : but being reduced to 44 in. 
is 24} grains— a trifle heavier than the Marshfield, 
but Pontardawe claims 3,799 sheets to make 1 in. 
in thickness. 

We now come to the climax. The mill-man- 
ager of Messrs. W. Hallam and Co., of the Upper 
Forest Tin Works, near Swansea, has succeeded 
in making a sheet of the finest appearance and 
thinnest that has ever yet been seen by mortal eye. 
The iron from which the sheet was rolled was made 
on the premises. It was worked in a finery with 
charcoal and the usual blast ; afterwards taken to 
the hammer, to be formed into a regular flat-bot- 
tom ; from thence conveyed to the balling-furnace 
and when sufficiently heated taken to the rolls’ 
lengthened, and cut by shears into proper lengths. 
piled up, and transferred to the balling-fnurnace 
again; when heated it was passed through the 
rolls, back again into the balling-furnace, and 
when duly brought to the preper pitch was taken 
to the rolls, and made into a thorough good bar. 
Such is the history in conne tion with the forge 
department. It was then taken to the tin-mills, 
and rolled till it was supposed to be thinner than 
23 grains, afterward passed through the cold rolls 
to give itthe necessary polish, and now it stands 
on record as the thinnest sheet of iron ever rolled, 
The sheet in question is 10 in. by 5} in., or 55 in. 
in surface, and weighs but 20 grains, which being 
brought to the standard of 8 in. by 5} in., or 44 
surface inches, is but 16 grains, or 30 per cent. Jess 
than any previous effort, and requires at least 4,800 
to make 1 in. in thickness.— Mining Journal. 


Poo in Steer.—M. Gruner, Profess- 
or of Metallurgy at the School of Mines at 
Paris, has published in the ‘Annales des Mines,” 
1870, xvii., p. 346, a paper on the Mechanical 








Properties of Steel containing Phosphorus. Pre- 
mising by stating that in a previous memoir on the 
Heaton process (Examen du Procédé Heaton, 
Paris, 1869) he had sought to prove (1) when pig 
iron containing phosphorus, but poor in silicon, 
is refined with nitrate of soda, that although the 
greater part of the phosphorus is eliminated, it 
still retains two or three thousandth parts of this 
substance, if the amount of nitrate employed be 
below 13 to 15 per cent. of the weight of the pig 
iron, (2.) That these two or three thousandths 
of phosphorus will render the product more or less 
brittle. (3.) That the presence of the phosphorus 
increases up to a certain point of resistance to 
fracture, provided it be tested by a slow and grad- 
ually applied force. 4, That, as before shown by 
Dr. Wedding, steel not containing more than 0.005 
of phosphorus may be easily worked cold; goes on 
at length into the consideration of the mechanical 
properties of certain samples of steel, the testing 
of which had been conducted by Mr. Fairbairn, 
whose results are given in a comprehensive table, 
and, as the result of this inquiry, Professor Gruner 
arrives at the following conclusions: 4. ‘Mhat phos- 
phorus, when present in steel in the proportion of 
from 0.002 to 0.003, renders it rigid und elastic ; 
increases its elastic tension and resistance to frac- 
ture, without altering its hardness ; but that such 
steel,.even if it contains but little carbon, wants 
‘‘body,” and is brittle, without being at the same 
time herd. 2. In order to show this want of 
‘*body, ’ the tests of simple traction and transverre 
pressure are not sufficient; it requires testing by 
blows or shocks. 3. That soft Bessemer steel, 
produced from hematite, at Barrow, possesses less 
tenacity and elasticity, and is more brittle than 
the soft or extra soft Sheffield crucible steels; and 
4. That steels containing phosphorus are defi- 
cient in ‘‘ body,” and that it is at present prem:- 
ture, either to consider the Heaton process as a 
great improvement in steel making, or that the 
steel prepared by this process can be favorably 
compared with the usual Sheffield product. 


| greens or Stac.—Although numerous at- 
tempts have been maée to utilize the slags from 
blast furnaces, this problem has not as yet been 
solved practically on the large scale ; if, however, 
we can place credit in the statements of M. Kennis, 
success has attended his efforts, made in Belgium, 
to prepare from the slag an artificial stone, said to 
be now used on the large scale for paving the 
streets of Brussels. The modus operandi is simple 
enough, as it merely consists of allowing the cin- 
dér to run direct from the furnace into a large pit, 
rnfficiently capacious to hold the entire daily pro- 
duction ; when the pit is quite full, the cooling of 
the mass is still further retarded by covering over 
the surface of the slag with earth. The effect of 
this slow cooling of so large a mass of slag, is to 
convert the whole into a solid slagstone, oo pou 
ing, when cold, a chrystalline or somewhat por- 
phyritic texture, with a density of about 2.77, 
which cap be used for making paving-stones, which 
are stated to wear well, not to become slippery 
by use, and to be more economical, as they cost 
20 per cent. less than the ordinary stone used for 
pavement in Brussels. : é 
In some iron works, where space is an object, it 
is important to diminish as much as possible the 
room taken up by the hot slag in cooling, before it 
can be carted away. For this purpose, at the 
Prieure Ironworks, at Longwy, Moselle, a com- 
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pact hydraulic arrangement has been constructed 
by Baron D’Adelswaerd, by which the molten slag, 
previously run into iron wagons, is lowered 
bodily, wagon and all, into a tank of water, so 
as to be cooled at once; by which means the space 
required for covling the slag is said to be dimin- 
ished from 420 to 52 sq. metres, and only 6 men 
with 2 horses are now required for clearing uway the 
slag from each furnace, instead of 4 men with 3 
horses. thereby efiecting a saving of 31 francs duily 
per furnace.—Journal of Iron and Sieel Institute. 





RAILWAY NOTES. 


ge Dinect Inpvs Vatrry Rattway.—There is a 

diversity of opinion on the present and future 
prospects of this important line of railway. ‘The 
«Globe ” thus remarks on the subject:—We fear a 
grievous mistake was committed in carrying the 
Sindh Railway from Karachi to Kotri, instead of 
about seventy-five miles more to the north, to 
Sehwan. Itis true that opposite Kotri, on the 
left bank of the Indus, and at 31g miles dis- 
tance from it is Hyderabad, the capital of Lower 
Sindh, a town of perhaps 25,00U inhabitants. 
But between Kotri and this town flows the Indus, 
which is at all times at that point a considerable 
river, but from July to the end of October a deep, 
rapid, and truly formidable flood. The expense of 
bridging the river at Kotri, and the possibility of 
the bridge being swept away, are objections of 
themselves sufficient to condemn the scheme, too 
hastily carried out, of uniting Karachi and Kotri 
by rail. 

But if Mr. Hardy Wells, in his pamphlet called | 
‘India and Russia,” is correct in his calculations, 
the line from Karachi by Sehwan, Larkhana, and | 
Shikarpur, to Dera Ghazi Khan and Multan, is 
only 493 miles, while that by Kotriand Bhawalpur | 
to Multan is 622 miles. If that be so, a railway on | 
the right bank of the Indus to Multan from the sea | 
might be made 129 miles shorter, and at £11,00U 
a wile, £1,429,000 cheaper than one on the left | 
bank of the river to that city. Even this is far 
from all that can be said in favor of the right bank. | 
The Indus at Kotri and Robri is of prodigious 
breadth, depth, and swiftness. At Sehwan it is not | 
so broad, but immensely deep, and at not one of : 
the three places is the idea of bridging it to be en- | 
tertained fora moment. But at Dera Ghazi Khan, | 
which is 200 miles above Rohri in a direct line, | 
and very much more by the river, the stream is 
not so formidable. This consideration, however, | 
is as nothing compared with the fact that Lark- 
hana, Shikarpur, and Dera Ghazi Khan are the 
three enterepots where the traffic from Afghanist- 
an and Central Asia debouches, and they are all 
three on the right bank of the Indus. A railway, | 
therefore, on the right bank would receive all 
this traffic, while one on the left bank would be | 
cut off from it by an almost impassable river. That | 
traffic has from time immemorial descended the | 
valley between the Hala Mountains and the Indus, | 
and trade sticks to its old routes. We doubt | 
whether, even if the river were bridged, the 
Afghan traders would cross to the other side. | 

Lastly, there’ is the question of a war on the | 
north-western frontier of India. Were Herat and 
Kanduhar in the hands of the Russians, or in the 
possession of Yakub Khan in alliance with Russia, | 
an event which may be announced at any moment, 








with the pleasing accompaniment of plundering 
raids on our frontier villages, a railway .on the 
right bank of the Indus, as designed and recom- 
mended by Mr. Wells, would be of incalculably 
greater advantage to us for military purposes than 
one on the left bank. In the one case we might 
carry a short line to the mouth of the Bolan and 
Gandava Passes and to that opposite Shekh-i-Sar- 
war, close to Dera Ghazi Khan ; in the other case 
we should have to cross a great river and forward 
our troops and stores by long and weary marches 
to the scene ofaction. ‘There is also the fact that 
on the right bank the territory is our own; on the 
left, for a considerable distance, it belongs to Bha- 
walpur. But we do not attach much importance 
to this point. 

But on the whole, it seems to us in the highest 
degree desirable that the Secretary of State for In- 
dia should at once sanction a direct line of rail- 
way from Karachi to Larkhana, Shikarpur, Mi- 
thaulcut, and Dera Ghazi Khan, and that to save 
expense it should be throughout constructed on the 
new principle of narrow gauge and iight rails. We 
are convinced that no time is to be lost, and that 
if we do not wish to be out-generalled by the 
march of events the works should be commenced 
at once. That it would be a paying as well as poli- 
tically valuable line there can be no doubt, and we 
only regret that it was not long ago sanctioned and 
commenced, 


{LECTRIC Ramway Srienats.—The New York 
‘Tribune ” gives a description of a railroad sig- 

nal system invented by Thomas 8. Hall, which, it 
says, has been tested on the Morris and Essex and 
the New York and New Haven rouds:—‘‘ The sys- 
tem includes a series of devices by which, through 
the agency of electro-magnetism. an alarm signal 
is displayed and a bell rang whenever a switch-rail 


| is out of place, a draw-bridge open, or a train is 


approaching aroad-crossing. In each instance the 
operation of the signal is entirely automatic. In- 
closed in a stout box at the point of application to 
the main line are several metallic rods connected 
by electrical conductors with a galvanic battery 
capable of yielding constant currents whenever the 
circuit is completed. The conducting wires are 
carefully insulated, and terminate at the signal 
station in the cores of two electric-magnets An 
armature directly above the electro-magnets acts 
by means of a lever upon a signal staff and the 
clapper of an alarm bell. So delicate is the ad- 
justment of the metallic rods at the point of ap- 
plication, that the displacement of a rail on either 
side of the wain line, or the withdrawal of a bolt 


| that secures a drawbridge, or the passage of a train 


over the track, is sufficient to connect the poles 
of the battery and to complete the circuit. The 
flow of the current vitalizes the electro-magnets 
at the signal-station and the armature moves, re- 
sulting in the ringing of a bell and the raising ofa 
colored signal, The bell continues to ring and the 
signal is uplifted until the electric current has been 
broken by the readjustment of the rail or the re- 
placement of the bolt of the drawbridge. The 
electro-maynet may be acted upon at a distance of 
a few yards or of many miles, so that an alarm 
may be sounded at any distance from the point of 
danger, and signals may be displayed in either 
direction at such distances as tu allow the stop- 
page of a train. The apparatus is the same in 
principle for every application, although there are 
various devices for operating the signals. The 
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applications are four in number—to switches, 
drawbridges, and highway-crossings, and in what 
is known as the “block” system. By an attach- 
ment’to switch-rails, double warning is given, to 
the eye of the engineer and to the ear of the switch- 
tender, whenever a switch is opened on the main 
line soas to endanger passing trains. In the case 
of drawbridges, aiarm signals continue in opera- 
tion until the draw is closed and the bolt which 
secures it is replaced. By the block system, the 
wheels of a passing train come in contact with a 
series of delicate levers, at intervals of two miles 
on the main line, each of which closes an electric 
circuit, by means of which a signal is brought into 
sight two miles in advance of the train. At the 
same time, the pressure of the wheels upon an- 
other lever breaks the circuit, and the signal at 
the station which the train is passing falls by its 
own weight. This system by which a train regis- 
ters its position two miles in either direction, is 
designed to prevent collisions on single or double 
tracks. In like manner, when a train isa mile and 
a half distant from a highway crossing, a bell may 
be rung anda signal disp'ayed, by which teamsters 
will be given timely warning of the near approach 
of the train.” 


eotene Roaps.—The British Government 

appointed, in 1869, a Commission to consid- 
er what gauge should be adopted for ‘‘ the Indus 
Valley and other projected Railways.” After more 
than a year of careful investigation. this Commis- 
sion has reported, and within the last month the 
Indian authorities have decided on the width of 3 
ft. 3in. for all State lines. This action extends 
the narrow-gauge system to lines nearly 10,000 
miles in aggregate length; intended to give all 
needed facilities to fast areas of territory and im- 
mense populations. It is the most important in- 
dorsement the narrow-gauge system has yet re- 
ceived, and will greatly influence decisions as to 
the width of gauge, the world over. 


AILWays IN Time oF War.—Captain Tyler has 
written an interesting letter on the subject 
of the military use of railways, observing, that in 
future the success or otherwise of combined mili- 
tary and naval expeditions from this country may, 
in great measure, depend upon the promptitude 
with which railway communication can be estab- 
lished. He urges the desirability of a proportion 
of the officers and men of our Corps of Royal En- 
gineers being specially trained and practised in 
such duties. The subject is engaging the consider- 
ation of the Royal Engineers at the War Office. 


eee CarriaGEes.—The earliest railway car- 
riages, those made in 1830 for the Liverpool 
and Manchester Railway, were mere open boxes, 
hardly as good as our present cattle trucks. They 
had 4 wheels, no springs, and no roofs. There 
were no compartments at first, and all the car- 
riages were ot the same class. In the next year 
Joseph Knight added springs to the carriages, and 
improved their. construction considerably; he also 
made the periphery, or, as it is commonly called, 
the ‘* tread” of the wheels conical, instead of flat, 
thus enabling the cars to round corners more 
easily. The greater improvements have since 
been made. Long before this, it is true, in 1825, 
W. H. James obtained a patent for a wheel of 
which the tire was made in ‘ steps,”—that is, it 
was of different diameters at different parts. . The 





object was of course the same as in Knight's in- 
vention. In 1839, 3 classes of carriages were 
used, as now, but all much inferior to those in use 
at present. The next improvement was to divide 
each carriage into compartments, which was done 
by Mr. Hanson, who built them of iron. Each 
compartment had one seat which was movabk, 
so that the passengers always sat with their faces 
towards the engine. Footboards and rests for the 
back were provided, but they do not seem to have 
been very comfortable. As at present built, wood, 
leather, and metal are generally used in passen- 
ger carriages, wood and iron for wagons and 
trucks, 

For the under frames of carriages English oak 
has been found to be the best material, as weil as 
for the pillars of carriages, and the under and 
upper frames of wagons. Ash has been found 
most suited for the construction of carriage bodies 
and roof-ribs, and deal for the lining, rooting, and 
flooring of both carriages and wagons. 

Iron has been used both for trucks and ear- 
riages, corrugated sheet iron, with some success, 
especially for the panelling of carriages. 
Wrought iron, if the carriages are strong enough 
to resist breaking in case of accident, is too heavy, 
and in any case there would be many dangers in 
its use. As has been observed, if such a carriage 
did collapse, the passengers would be crushed 
within it, and the unriveting of the parts of the 
carriage in order to extricate them would be a 
fearful process. 

With regard to the other parts of the carriages, 
the great patent for a buffer is dated 1835, and is 
for ‘‘improvements in the buffing apparatus.” 
The buffer is of much the usual description. As 
regards brakes, there is even still abundant room 
for improvement. 

Blocks to be pressed against and sledges to be 
passed under the wheels ; cylinders filled with 
liquid in which pistons were to be worked to and 
fro; the resistance of the air, and the action of 
magnetic attraction, have all been enlisted into 
the service with varying success ; but some means 
of stopping a trdin without either wearing the 
wheel, or throwing it off the rail, have yet to be 
found. 


R AILWAYS IN TurRKEY.—The construction of a 
\ network of railways is an enterprise of no in- 
considerable importance and difficulty in a coun- 
try the interior of which is comparatively so little 
known, and where the means of communication 


are in a most primitive condition. In the first 
place, there being no reliable map of the country, 
considerable time has been expended in making 
the necessary surveys, to fix upon the best line 
for the railway. The total length of the lines to 
be constructed is about 2,400 kilometres (1,500 
English miles), the general route of which, with 
the exception of a short section in Bosnia, has 
been approved of by the Porte. About 750 miles 
of the most important lines have already been sur- 
veyed in detail, and the surveys for the remaining 
portion are being pushed forward with the great- 
est alacrity. M. Vitali, the representative of a 
firm of contractors, has undertaken the construc- 
tion of the line from Constantinople to Adrian- 
ople, a distance of 290 kilometres (181 English 
miles), and of another from Dedeagh to Adrian- 
ople, 140 kilometres (87 English miles), in 
length; the former of which is to be completed in 
2 years, and the second in a year. In this man- 
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ner, the second city in importance in the empire 
will be placed in communication with the Archi- 
pelago by the Ist January, 1872, and by Ist Janu- 
ary, 1873, it will be united with the capital. An 
Italian firm of contractors have undertaken the 
construction of the railway from Uskub to Salo- 
nica, following the valley of the Vadar, which will 
open outa highway for the carriage of the pro- 
ducts of Macedonia to the Mediterranean. This 
line will be about 248 kilometres (150 English 
miles) in length, part of which is to be opened by 
the end of the present year, and the remainder by 
the end of June, 1872. The line from Adrianople 
to Sarimbey via Philippolis, which is an extension 
of the line from Constantinople to Adrianople 
towards Servia, is already commenced, and is to 
be opened about the same time as the latter line. 
It will be about 300 kilometres (187 English miles) 
iu length. The junction of the Ottoman railways 
with those of Austria, by means of the line from 
Novia to Banjaluka, a distance of 110 kilometres 
(69 English miles), is in construction, and will 
shortly be completed. In this manner there are 
already 1,080 kilogrammes (675 English miles) in 
construction, part of which will be cpened this 
year, and the remainder to be completed by the 
end of 1872. A short section, of 17 kilometres 
(10 English miles) in length, following the shore 
of the sea of Marmora, from the Seven Towers to 
Kutchuk-Tchekmedje, and forming the first link 
of the line to Adrianople), is just finished and 
opened for traffic. The station at the Seven Tow- 
ers is only a temporary terminus for the line, and 
the railway company, seeing that but little traffic 
could be expected from a line ending in one of the 
‘suburbs of Constantinople, and at a considerable 
distance from the centre, with no communication 
with the ports, or the quarters of Pera and Galata, 
have come to a decision to extend the Jine as soon 
as possible, and have laid before the Government 
a project of a line traversing the city, with the 
terminus near the new bridge, The Company aro 
about to give an order for 100 locomotives and 
1,000 wagons. 


| x Fastest Trme in THE Wortp —The London 

** Morning News,” in an article entitled, The 
Fastest Time in the World, says: ‘“The new express 
train from Plymouth to London, will probably be 
the fastest train in the woyld in the part of its 
journey which lies over the Bristol and Exeter 
and Great Western Railways. Leaving Exeter 
at 10.30, it is timed to reach Padington at 
2.45, including a stoppage of five minutes at Bris- 
tol, and the inevitable and vexatious ten minutes 
at Swindon, the journey of 194 miles will 
occupy 44 hours.” This is first-rate railroad 
time, but it yet remains to be seen whether 
or not it is surpassed in the United States. 
If we take off the time put down for stoppages in 
this case, the running is reduced to four hours, 
which gives a fraction less than fifty miles per 
hour. This time, if we are not mistaken, has fre- 
quently been made on the Hudson River road, 
and in exceptional cases a speed of sixty miles an 
hour has been made for some considerable dis- 
tance. The work, however, to be performed un- 
der the schedule between Plymouth and London, 
is a good approximation to the maximum capucity 
of the best English railway management, but it 
will scarcely compare with the best time made be- 
tween New York and Chicago, over the New Jer- 
sey, the Trenton, and the Pennsylvania roads, 





= ‘junction road? being used as a connecting 
ink, 

From New York to Chicago the distance by this 
route is 913 miles —say New York to Philadelphia, 
90; Philadelphia to Pittsburg, 356 ; Pittsburg to 
Chicago, 468. The best schedule time that we are 
apprised of on this route was that under which the 
trains were run during a part of 1870. This was 
going east from Chicago to New York in 27 hours, 
On this schedule there were 34 stops, 2 of which 
were for meals, and which we put down at 20 min. 
each, thus reducing the running time to 26 hours 
and 20 min. We average the 32 remaining stops at 
2 min. each, which we presume is altogether inside 
of the time thus lost, and we have then to deduct 
from the running time of this train 64 min., which 
brings it down to 25 hours and 18 min. We then 
deduct 50 min. for difference in time between these 
two points, and we have the exact running time 
under the schedule of 1870, fixed at 24 hours and 
28 min., which is a trifle over 30 miles an hour, 
when it is considered that many large towns are 
passed through on this trip,including Philadelphia, 
Harrisburg, and Pittsburg, and that the line is 
nearly 5 times the length of that between Ply- 
mouth and London, we submit that our English 
cousins have not yet earned the distinction of 
making ‘‘ the fastest time in the world.” 

We are quite willing to concede that, in the 
general, the time made on the principal roads in 
England is better than in America, ‘There are 
good reasons why it should be so. The cost of 
building and maintaining railroads on the other 
side of the Atlantic is much less than here, and 
the companies owning them there can afford to 
police the route by the employment of such num- 
bers of flagmen and guards as is quite out of the 
question in the United States under existing cir- 
cumstances. But we are yet in infancy as to the 
matter of rail-roadiug. Wonderful as has been our 
progress, and grand as are the accomplishments, 
we have yet much to learn, and the most impor- 
tant lesson is that which will convince managers 
that they owe a more liberal expenditure of earn- 
ings for the accommodation and safety of the 
travelling public, and a less munificent distribution 
of funds to shareholders in the shape of dividends. 
But as to the question of fast time, it is for practi- 
cal railroad men in our country to determine on 
the claim set up by our London contemporary. It 
must, of course, be settled according to the view 
we have taken ; that is to say, by a comparison of 
the aggregate length of line run over. 





ORDNANCE AND NAVAL NOTES, 


| pe are several plans and specifications for iron 
coasting steamers now being estimated upon in 
this city, and we are informed by prominent build- 
ers that there seems to be a prospect for some ship- 


building business this fall. One large composite 
side-wheel steamer, for a China house, is now be- 
ing laid down, and it is said that the probabilities 
are that several will be built at no distant day. 
We hear also that a few medium-sized sailing ships 
will be built in Eastern yards this season, but these 
are only to replace vessels lost or destroyed. The 
building of coasting craft has been quite brisk of 
late, and many fine vessels have been added to our 


' tonnage list. A new problem will be presented 
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relating to ship-building, especiaily on the lakes, 
when the Treaty of Washington has its due effect, 
and if Congress does not interfere, our inland ship- 
builders will see their business sacrificed, as has 
been that of their brethren on the sea-board. A 
great responsibility rests on Congress. The Na- 
tion is humbled to the dust, and its shipping will 
be driven from the lakes as it has been from the 
ocean, if help is not given us from Washington. 
Our Congressmen have too long been tolerated in 
muking buncombe speeches, and have reached a 
point when the concerted voice of the people will 
cry out against windy debates, which result in 
neither credit to them or good to the nation.— 
Naulical Gazette. 


] AUNCH OF THE Stream Yacut Day Dream.— The 
4 Continental Iron Works, Greenpoint, L. L, 
launched, on Thursday, at 12.35 p. m., the compo- 
site screw steam yacht Day Dream, built by Thomas 
F. Rowland for W. H. Aspinwall. The day was 
tine, and a large number of ladies and gentlemen 
assembled to witness the launch, which passed off 
to the entire satisfaction of all present. The Day 
Dream, probably, marks a new era in our ship- 
building annals, and from her advent we may 
date the beginning of a demand upon our ship- 
builders for composite vessels. She was modelled 
by La. Smith, and exhibits a marked symmetry of 
lines, aud beautiful curves, and in all probability 
will develup a high rate of speed. Her frame is 
of 24¢ im angle iron, placed 21 in. from centre 
to centre, over which are placed diagonal straps 
3} in. in width by 4, in. in thickness, extending 
from the garboard to the wale-strake. The plank- 
ing is of yellow pine, 13 in. in thickness, sheathed 
with 1 in. white cedar. Three iron water-tight bulk- 
heads are fitted in the vessel—two completely en- 
closing the boiler and engine space, and the other 
eye forward, so that, in event of damage to the 

ow, the fore compartment would prevent the vessel 
from sinking. The Day Dream measures 105 ft. 
on the water-line, 120 ft. on deck, and has 7 ft. 
depth of hold, and when in trim will draw 5.6 ft. 
Her motive power consists of a pair of Reynolds 
vertical direct-acting condensing engines, with 14- 
in. cylinders and 14-in. stroke of piston, The 
propeller screw is 7 ft. in diameter, with 10.6 ft. 
pitch. The engines, with a pressure of 80 lbs. of 
steam, are calculated to make 135 revolutions per 
minute, giving to the vessel a speed of 13.5 knots 
per hour, slip off. She has one return tubular boiler, 
with 40 sq. {t. of grate surface and 1,200 sq ft. of 
heating surface. She is schooner-rigged and spar- 
red with much rake. ‘The area of her canvas is as 
fullows : jib, 880 sq. yards; foresail, 950sq yards ; 
and mainsail, 1,400sq. yards. See will carry no 
topsails or squaresails. Her standing rigging is of 
the best wire-rupe and gives her a light airy look. 
There is an iron keel-strap, which runs from the 
upper end of the stem, under the keel and up to 
the upper end of the stern-post, adding very ma- 
torinlly to the strength of the vessel. The bowsprit 
is moulded into the hull and gives her a neat finish. 
The accomodations are the work of John E. Hoff- 
mire and are contained in a trunk cabin, the grand 
saloon being forward of the machinery, which is 
amidships, and the after space being devoted to 
the kitchen, pantries, store-room, crew-quarters, 
ete. The saloon companion-ways are a trifle for- 
ward of amidships, and give a spacious entrance 
to it. The sleeping accommodations are tempora- 
ry, being removed in the morning, leaving the 








space clear during the day. They aie easily put 
up when required. She will be handsomely decor- 
ated dla arabesque, and while no pains will be 
spared to make her cosy, comfortable, and even 
luxuriant, yet no foolish, tawdry decorations will 
be pat on her. She isintended for a gentleman’s 
pleasure yacht, and will be the finest steamer yacht 
in American waters.--Nautical Gazette. 


iz Suip New Ena.—The ship New Era, built 
in East Boston, 1870, is the first vessel of any 
considerable tonnage intended for the foreign trade, 
whose owners have dared, in their consciousness 
of right, to ignore the classification of British and 
French Lloyds, relying upon home surveys, which 
have resulted in the ship being written for around 
voyage of over 12 months for 5} per cent. One 
of the specialties of this vessel consists in having 
the entire frame, together with breast hooks and 
knees, of grain-grown timber, bevelled to the requir- 
ed angle and bent to the required form by ma- 
chinery, making a frame of 3 instead of 13 pieces of 
grain-cut timbers in short lengths. These pecu- 
liarities of construction which have thus engen- 
dered confidence in the United States, and secured 
this low rate of insurance, are not known, and 
therefore notappreciated by the Lloyds Committee 
of England and France. 

The history of ship-building in the past furnish- 
es no evidence that the most important element of 
strength in timber has before been utilized in the 
framing of large vessels. When elasticity shall be 
regarded as a positive, and flexibility as a negative 
element of strength, in the frames of ships, then 
will the science of mechanical engineering be fully 
appreciated in nautical construction. Elasticity 
is that spring back, recoiling quality, inherited in 
woody fibre, and the index of strength. It is an 
indestructible property, while the fibrous vibra- 
tions remain undisturbed, by severance or rot. 
The New Era’s bulk has been determined te be 
1,146 tons, 1,026 of which is under deck ; the car- 
rying capacity for cargo, by displacement, is 150 
per cent. of the gross tonnage, within a draught of 
20 ft. water. The structural distribution of ma- 
terials peculiar to this vessel may be thus given : 
The room and space is 21 in. with single timbered 
frames, sided 10 in., extending from keel to rai] in 
one length ; the two timbers on opposite sides, 
together with the floor timber, make the frame, to 
which is attached a beam for each of the two decks, 
with two hanging knees at each end of each beam, 
placed on the sides of the frane timbers and 
beams, belted horizontally ; this renders lodge and 
bosom knees an incumbrance, rather than a bene- 
fit. By this arrangement the deck beams are all 
in place, as also the knees, both of which are fas- 
tened when the frames are raised, and both may 
be regulated by the water ways, as the raising of 
frame progresses, which was the case in the New 
Era’s construction. 

Having beams to every frame rendered ledges 
and carlins unnecessary, and the stanchions, both 
in the hold and between decks, were placed be- 
tween girders, side strake and keelson. The single 
frame timbers dispenses with frame bolts, which 
sbut out so large a — of the through fast- 
enings, consequently there are more through tree- 
nails than is usual in vessels of equal tonnage. In 
the distribution of sail, the centre of effort is with- 
in 2} ft. of the centre of length on load line, very 
much farther aft than is usual, which dispenses 
with the steving bowsprit, usually stepped between 
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a pair of bitts, The jib-boom is conveniently ar- 
ranged to be run in and out, and is stepped by a 
fid bolt at the knight heads. The bow chocks are 
bent, and extend to cap through which jib-boom 
passes ; the usual cutwater cheets and head rail, 
are dispensed with, a curved pair of breakwaters 
supply their place—the stern is also supplied with 
characteristic ornaments, without the sweeping 
taffrail. Such are the advantages of this mode of 
construction, that, with the same internal capacity, 
a vessel can be built stronger, lighter, of greater 
speed,more durable, less draught of water, and at | 
Jess cost, by this than by any other mode of con- | 
struction, whether in wood or iron.— Nautical | 
Gazelle. | 








} 


ENGINEERING STRUCTURES. 


be Darren Survey.—We extract from a late 
4 copy of the “* New York Herald,” the following 
in regard to the returning Darien expedition : 

_ What fresh intelligence she may bring respect- 
ing the character of the “divide” already thor- | 
oughly explored it is impossible to say, but it is | 
hardly probable that any lower elevation than that | 
previously announced has been discovered. And | 
even though a depression be found so low as 400 
ft. it would not alter the conclusion already ar- | 
rived at as to the impracticability of the Tuyra- 
Atrato route. The mountainous character of the 
country on the Pacific side precludes all idea of 
an interoceanic canal within miles on either side 
of the Tuyra River. Precipitous hills present the | 
most insuperable barriers all the way from Pino- 
gana to the Cue and thence to the “ divide,” while 
the river itself: is so tortnous in its course as to 
shut out all hopes of navigation. Yet a great work 
has nevertheless been accomplished, and the sur- 
vey of this supposed route must ever hold a pro- 
minent place in the important enterprise of the 
age. That substantial and reliable facts hereto- 
fore only surmised have been established is be- 
yord all question, and any authentic information 
relative to the nature of this particular portion of 
the isthmus must be credited to this undertaking. | 
Notwithstanding all the voluminous reports that | 
have been published regarding the Tuyra River 
and its surroundings, excluding entirely the im- 
aginative sketches of wordy adventurers, the fact 
remains that prior to the advent of this expedition 
upon the isthmus: little or nothing was known 
about the route surveyed. Had any canal route 
existed in this direction it would most assuredly 
have been discovered by this undertaking, and 
not previous to its coming. Better organized and 
more thoroughly a than any previous ex- 
pedition, that which has now completed its labors | 
may well be congratulated upon its results, having 
done much to set at rest the various theories and 
speculations that have for years been fruitlessly 
indulged in. From the commander down to the | 
least important participant in the extensive ope- | 
rations there have been displayed a zeal and a 
perseverance rarely met with under such adverse 
circumstances. And although the anticipations 
relative to the route referred to have not been 
realized, although the character of the country 
proved vastly different to that which scanty infor- 
mation led the commander and his officers to ex- 
pect, almost equal credit is due the expedition as 
ifa first-class route had been discovered, since 


| for an interoceanic canal. 


| and tunnelling would be necessary. 


| ceean would be about 150 miles, 


the amount of labor and anxiety involved were in 
both cases the same. So much for the ‘Tuyra- 
Atrato route. What recommendations Command- 
er Selfridge will make upon his return it is impos- 
sible to say until the reports of the surveying 
party on the Atlantic side shall have been handed 
in. It is reasonable to surmise, nevertheless, that 
the tunnelling of the summit dividing the Cue 
from the Paranchita River will not be included, 
Indeed, there is scarcely a doubt but that, every- 
thing duly considered, this route will be pro- 
nounced impracticable. Not so, however, the 
route from the Pacific to the Atrato by way of 
the Napipi, of which full details have already been 
given, Great confidence is entertained in regard 
to the success of this line. It is not by 
any means claimed as an original discovery, 
though it is very doubtful whether any regular 


| surveying party ever drew a complete line across 


to the Atrato River ; but it is contended, and not 
without reason, that no previous expedition ever 
established the same facts relative to its feasibility 
The only point yet 
undetermined in regard to it is as to the character 
of the Atrato River at the confluence of the Napipi. 
It has been thoroughly exumined by a party from 
the Guard, but the result will not be known until 
the vessel arrives at Aspinwall, The line of the 
proposed canal is 31 miles, the dividing ndge of 
12 ft. rising above a quarter of a mile from the 
Pacific shore. As previously mentioned, lockage 
The supply 
of water comes from the Dogadow River and other 
tributaries of the Napipi, the volume being over 
214 million gallons per hour. It is proposed to 
have $ locks from the Atrato to the Dogadow, or 
one at every elevation of 10 ft., which would make 
them about 2 miles apart. From the Dogadow a 
cut of over 100 ft. is suggested, after which comes 
a tunnel of 314 miles through the ‘‘ divide.” Ves- 


| sels would then descend to the Pacific by means 


The entire distance from ocean to 
This, in brief, 
is the so-called Napipi route from Cuxica Bay, 
surveyed in April last. It certainly presents 
much more favorable features for a canal than the 
‘Tuyra-Atrato route. But whether a deep cut even 
through such a formidable obstacle as 612 ft. of 
rock would not be preferable to tunnelling is a 
question for consideration. Beyond doubt there 
are many difficulties presented, but that they 
could readily be overcome by the engineering 
skill of the present day is equally certain. Hav- 


of 13 locks. 


| ing already given full descriptions of both routes 


and their prominent features, it will be unneces- 
sary to recapitulate. ‘To all it must be evident 
that the expedition has accomplished a great 
deal. Two complete lines have been drawn from 
ocean to ocean, furnishing the most satisfactory 
and reliable information as to the surroundings 
of the portions surveyed. Should neither of the 
lines be declared feasible, though the Napipi 
route is very likely to be, the field of future labors 
has, at all events, been considerably diminished. 


| Great credit is due the expedition for the un- 


wavering pertinacity which throughout character- 
ized its action. From the day on which the first 


} tree fell beneath the blades of the macheteros 


until the operations on the Pacific side were com- 
pleted, nothing could surpass the order and cheer- 


| fulness of every one engaged in the operaticns ; 


and when the labors were fairly commenced, and 
when the sufferings incidental to the exploration 





220 


VAN NOSTRANDS ENGINEERING MAGAZINE. 





caused many to think of the comforts they had 
leit behind, not a word of complaint was uttered, 
for the hope that their labors would be rewarded 


for the purpose of transacting any business that 
may properly come before them. 
Any person desiring to communicate with this 


by the discovery of the great highway from the | Commission or with the Engineer, Mr. Greene, will 
Atlantic to the Pacific encouraged the surveyors | address the Secretary, Mr. Henry A. Petrie, at the 
to the last. Whether in the dense jungle, cutting | office of the State Kngineer, Albany. The Com- 
a path at the rate of a mile a day. or plodding | mission adjourned to meet at Syracuse, Monday, 


through the swamps in canoes, the best of spirits | 
were maintained. More voracious insects never 

commenced a siege against defenceless mortals, | 
end at times both men and officers presented a | 
sorry sight. ‘[here was fever in the camps, and | 
the bravest of the men were prostrated for days, | 
but the unremitting care and attention of the med- | 
ical officer soon dispelled all fears, so that when 

sickness did come it was thought lightly of. With | 
the exception of one machetero, a native of Car- | 
thegena, who imbibed too freely, no deaths have | 
occurred in connection with the expedition. To 

this gratifying circumstance may be attributed the | 
splendid discipline, the prompt supplies of sub- 

stantial rations and suitable appurtenances and | 
the regularity with which the admirable arrange- 
ments were carried out. 


TEAM ON THE Canats.—At a meeting of the Com- 
mission appointed by Act, Chap. 868, Laws of 
1871—*‘ An act to foster and develop the internal | 
commerce of the State by inviting und rewarding | 
the practical and profitable introduction upon the | 
canals of steam, caloric, electricity, or any motor | 
other than animal power, for the propulsion of 
boats,” held at the office of the State Engineer and 
Surveyor, July 10, 1871, it was 
Resolved, that the Governor be requested to fill | 
the vacancy in the Commission appointed by Act, 


August 14, 1871. 


‘(ae Great New York City Ramway Depot.— 
We note the completion of the new Union De- 
pot which, during the past year or two, has been 
in process of construction. It is situated on 
Fourth avenue and Forty-second street, and ix de- 
signed for the use of the New York and Harlem, 
New York Central, including the Hudson Kiver 
Division, and the New York and New Haven Rail- 
ways. It is the terminus of more than 1,000 miles 
ot railway lines; has more than 2 acres of glass set 
in the iron sashes of its roof ; and is 695 ft. long, 
240 wide, and 109 in height, measuring from the 
ground floor to the centre of the roof. It covers 
nearly 5 acres of land, and contains in all about 
100 rooms, which will be heated by steam, lighted 
with gas, and supplied with water. The weight of 
the roof is stated at 23 Ibs. per superficial in., and 
due provision is made for the expansion and con- 
traction consequent upon changes of temperature. 
One curious but perfectly intelligible result of such 
variations in heat and cold is expected in the rising 
and fulling of the roof to the extent of 3 in. at dif- 
ferent seasons, ‘The walls are of granite and blue- 
stone, the former from Portland, Me. and the 
latter from East River quarries. 
The outbuildings adjunctive to the depot will 


| cover 6 or 7 acres or thereabouts, some of them 


Chap. 868, Laws of 1871, caused by the declina- | being of 2 stories, with the lofts adapted to storage 
tion of the Hon. Horatio Seymour. | purposes. The tracks in the immediate vicinity 

Reso'ved, That for the purpose of carrying out | of the depot will be fitted with automatic electric 
the intent of the law, this Commission will require, | signals to instance the approach of the trains, 
among the tests to be made, that the several com- | their passage through the adjacent tunnel, and to 
pétitors shall make not less than three round trips, | guard generally against danger of accident. Such, 
from New York and Buffalo or Oswego, each boat | in brief, are the distinctive teatures of one of the 


to be loaded with not less than 200 tons of cargo 
each way, the trips to be commenced as soon as 
any party is ready, and all completed in the least 
practicable time. Forthe purpose of determining 
the time consumed by each and all the trips, the 
clearance must show the day of the month and the 
time of day that the boat passes each Collector's 
office ;_ certified copies thereof to be furnished the 
Commission. In order to obtain information in 
regard tothe practical working of the several de- 
vices in competition, as soon as practicable the 
Engineer of the Commission, Mr. David M. Greene, 
of Troy, will inspect the samé from time to time, 
as in his judgment may be necessary, and report 
the facts obtuined to this Commission, 

Resolved, That competitors are hereby notified 
that for the purpose for carrying out the intent of | 
the law, though it is desirable that the three 
consecutive round trips from Buffalo or Oswego 
to New York be made at the earliest time practica- 
ble, that the whole of the year 1872 will be allowed 
to such persons as may desire so much time, and 
that the awards will not be made until the close of 
navigation in that year. 

Resolved, That a copy of the foregoing resolu- 
tion and of the law, be furnished by the Secretary 
to all persons who may desire to compete under it, 
and that on Monday, the 14th day of August, 1571, 
at 3 o’clock Pp. m., the Commission will meet at 








the office of the Canal Commissioner in Syracuse 


| largest, if not the very largest, railway depots in 
| the world, a structure which, in its size and com- 
| pleteness, may serve as an index to the colossal 
growth of the railroad interests of the country at 
the present time.—Am. Artisan. 





NEW BOOKS. 


Ye JOURNAL OF THE IRoN AND Street InstTI- 
TUTE, No. 2. For sale by Van Nostrand. 
This journal well sustains the promise held out 


by its first number. The part now before us con- 
tains a continuation of Mr. I. Lowthian Bell's 
valuable researches on the ‘‘ Chemical Phenomena 
of Iron Smelting ;’ an account of the meeting of 
the Iron and Steel Institute held in London in 
March last, together with the address of the Presi- 
dent, Mr. Henry Bessemer, and the various reports 
and papers read on that occasion ; and finally Mr. 
David Forbes’s excellent quarterly report on the 
progress of iron and steel industries in foreign 
countries, and some interesting notes on the 
British iron and steel trades. 


Sow ArtTittery. By Lievt.-Contonen OWEN, 
IM B.A. London : John Murray. 
‘This work deals with an increasingly interest- 
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ing subject—modern artillery. In the first part 
the author treats of ordnance carriages and ammu- 
nition, which are handled with distinguishing 
clearness. The principles and practice of gunnery 
are ably reviewed in the second part of the book — 
the writer devoting much space to the motion of 
projectiles, Of equal merit is the third part of 
the. work, which is replete with suggestive re- 
marks on the use of artillery in warfare. Colonel 
Owen may be fairly congratulated upon the care 
and accuracy with which he has compiled his 
valuable work, The style is good and free from 
verbosity, and we predict for this opportune book 
an extended circulation, 


ABLES FoR Settinac Ovr Harr-Wintrus oy 

Rattways, Roaps, Canats, AND Oruer Pus- 
tic Works, TO BE APPLIED IN Freip-Work AnD 
witHout aNy Previous Cautcunations. By J. 58. 
Otver, C.E. London: E. and F. N. Spon. For 
sale by Van Nostrand, 

We fear that the author of this little book has taken 
great pains to supply an imaginary want. His 
tables give the half-widths of embankments and 
cuttings in sidelong ground of various inclina- 
tions, the width of the road being in all cases 
taken as 30 ft. and the d ‘pth or height of the cut- 
ting or embankment as 60 ft., while the slopes of 
the work vary from 4 to 1, to5}tol. To adapt 
the tables to the various widths of road-bed, and 
heights or depths of embankments of cuttings ex- 
isting in practice, ‘some calculations” are neces- 
sary, and we fear that in most instances these 
calculations, simple as they are, and the trouble 
of referring to tables, will be found sufficient 
to deter engineers from accepting the aid Mr. 
Olver proposes to render them. In some instan- 
ces Mr. Olver's book may be of service; but in 
the vast majority of cases engineers will prefer to 
plot the transverse sections and measure the half- 
widths from them in the ordinary way. 


| geome Boox or Userun FormuL= AnD Memo- 
RANDA FoR CrviL AND MECHANICAL ENGINEERS. 
17th Edi- 
tion. Revised with additions. E. and F. N. Spon, 


By Gurtrorp L. Moxesworts, C. E. 


1871. Forsale by Van Nostrand. 

This neat little volume is a model of compre- 
hensiveness in every respect ; materially, with a 
thickness of 3 of an in., it contains 440 pages 
measuring 5 in. by 4; yet this is no clue to its 
scientific qualities, for all its pages are full of 
such well-chosen and accurate tables on formule 
as every engineer requires from time to time to 
consult, and such as only a man of great dili- 
gence and experience could satisfactorily compile. 


ae Mersops In CuHemicat ANALysts, CHIEF- 
Ly INonGanic. By Witi1aM Crookes, F.R S., 
editor of the ‘*‘ Chemical News,” and of the “Quar- 
terly Journal of Science.” 1 vol. 8vo, 22 wood- 
cuts. London: Longmans. 1871. For sale by 
Van Nostrand. 

Mr. Crookes has done good service to analytical 
chemistry by the production of this work, which 
most conveniently collects together most of the 
processes which have been described and are 
scattered through the pages of the ‘‘Chemical 
News ” of the last 12 years—years of remarkable 
chemical activity and improvement in methods 
of analysis throughout the whole range of the 
acience. Several volumes of this character have 
from time to time appeared on the Continent, 





one of the earliest having been that of Colonel 
Sobrero, of the Sardinian artillery, nearly 39 
years ago, and entitled ‘*‘Complement & tous les 
Traités Analitiques,” etc. His range was very 
limited, and it has long ceased to be of more 
than historical interest. Mr. Crookes’ volume, 
upon a wider scale, is one of the same class. It 
aims not at being a complete treatise on chemical 
analysis, but as a most important supplement to 
all such works; and it bas this additional ele- 
ment of value: that its methods deal with a 
large number of the very rare and recently dis- 
covered elements, such as cesium, rubidium, 
didymium, thallium, indium, ruthenium, etc, 
which are passed without notice in nearly all the 
systematic works on analysis ; these bodies are 
less frequently met with because very unfrequent- 
ly looked for, and so their omission in such works 
acts and reacts disadvantageously. 

The order of sequence and the grouping of the 
elements for treatment in these pages is nearly the 
usual one, Reference to each method of detection 
or separation is easy, and aided by a good table 
of contents and a sufficient index at the end, 
where are to be found a few, but those very 
good and well arranged, tables for conversion of 
weights and measures, etc., etc. — The Engineer. 


bigeye or A Pronger oF CoMMERCE IN PicTatu 
AND Perricoats. By T. J. Cooper, late agent 
for the Calleutta Chamber of Commerce. London; 
John Murray, 1871. 

We take it to be our duty not only to notice the 
books of mechanical interest, but also books of 
merit that may possess special interest of any sort, 
and at any future time, to our readers. Mr. 
Cooper thinks that China will be opened up for 
English trade by engineers rather than by mission- 
aries. He says that as an Englishman, who has 
lived amongst them as one of themselves, to know 
the Chinese middle classes and the peasantry is to 
like them. Kindly, courteous. yet impulsive, they 
are as easily moved to friendship as we now deem 
them readily excited to barbarous outrage. The 
author thinks that by and by more knowledge will 
lead to increased interest, and that the commerc2 
of the West with its steamers, railways, and ma- 
chinery, will be welcomed when the native mistrust 
is overcome. Such a movement of progress will, 
we hope, soon set iu to save that great empire from 
the internal decay and ruin which n»w more than 
threaten her. Toaid in this by making English- 
men better acquainted with the s cial and material 
condition of the people, and by pioneering a road 
tor the advance of commerce, was the object of Mr. 
Cooper's work. The route followed was that pro- 
jected by Dr. Clement Williams abont ten years 
ago. The traveller set out from Hankow, in 
Chinese guise, in January, 1868. Sailed up the 
river to Chung-Ching, whence he proceeded with 
mules and a native servant towards India by 
way of Chen-tu-foo, Ta-tsian-loo, Dilhang, Ba- 
thang. Pamoo-tan, to Weisseefoo. His adventures 
and scenes have immense variety, from the sultry 
low-lying valley to the snows on hill ranges at the 
height of 20,000 ft., and from being twice made 
fust in the bonds of wedlock without knowing it, 
to his being cast into durance vile under the charge 
of the Mandarin of Weissle. Farther it was im- 
possible to go, and thus baffled by the commercial 
jealousy, aided by political and religions funat’- 
cism, always rampant in Eastern Thibet, Mr. Coop- 
er had to retrace his steps backward toward to- 
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wards Chung-Ching and Hankow, where he arrived sary for use in the field. By Witt A. Burr. 


on the 11th of November, 1869. After remaining 
a month at Shanghae, Mr. Cooper again set out 
for Bathang, this time by way of Calcutta and 
the Bramapootra river. Perhaps at afature day, 
says Mr. Cooper, he will publish a narrative of this 
journey. After reaching the head waters of the 
Bramapootra, and successfully passing through 
the savage and treacherous Mishmee tribes to the 
north of Assam, he reached a point on the frontiers 
of Thibet, not more than 120 miles from Bathang. 
where he was stopped by order of the Thibetan 
Governor of Ly-yul, and compelled atter suffering 
much from hunger and jungle fever to return to 
Calcutta, not, however, relinquishing the hope of 
some day successfully finding the missing link in 
our geographical and commercial knowledge of the 
route from Assam to Thibet. 

Before the Mohammedan rebellion in 1854-5, 
when the province of Yunnan teemed with a busy 
and prosperous people engaged in developing the 
enormous natural resources of their country, there 
was regular trade along this route; since then, 
none. Among the many books recently published 
relating to China we know of none that we would 
sooner think of recommending to a young engi- 
neer going to China, as a singularly accurate guide 
to the character of this peculiar people, and to the 
immense resources of their strange land.— Mechan- 
ics’ Mugazine. 


1GHT Scrence ror Leisure Hours. By R. A. 
Proctor, B. A., F. R. A. 8. London: Long- 
mans and Co. For sale by Van Nostrand. 
Anything that Mr. Proctor writes is sure to meet 
with an attentive and appreciative public, and no 
writer at the present time is better able to place 
seience before the people in an attractive and 
popular form. The present volume is a collection 
of fugitive articles contributed to various magazines 
and other more ephemeral publications; with many 
of them our readers are doubtless already acquaint- 
ed. While, however, the book has no pretensions 
to take rank with the valuable works which have 
preceded it, it will prove an entertaining and in- 
structive companion during a leisure hour at the 
seaside, or serve to dissipate the tedinm of a journey 
by rail or boat. We have reprinted one of the 
articles—‘* The Usefulness of Earthquakes ”—in 
another column. 


Manvat or THE Ratnroaps of THE UNITED 

States, for 1871-72. Showing their mileage, 
stocks, bonds, cost, traffic, earnings, expenses, 
and organizations ; with a sketch of their rise, 
progress, influence, etc., together with an appen- 
dix containing a full analysis of the debts of the 
United States and of the several States. By Hrnry 
V. Poor. New York: H. V..& E. W. Poor. For 
sale by Van Nostrand. 


HystcAL GEOGRAPHY IN ITs RELATION TO THE 
Prevaitinc Winps anp Currents. By Joun 

Knox Laveuton, F. R. A. 8., F. R. G. S. Lon- 
don: J. D. Potter. For sale by Van Nostrand. 

This is a well printed duodevimo with few illus- 
trations, and confines its discussions, as the title 
indicates, to winds and currents. 

The more recent observations are well collated 
and ably discussed. 


Key to THE Soran Compass AND Surveyor's 
Companion. Comprising all the rules neces- 





Second edition, 118 pages. Pocket-book form. 
New York: D. Van Nostrand. 

This affords, besides very complete instruction 
in the use of this ingenious instrument, some ex- 
cellent exercises in Practical Astronomy. We are 
inclined to the belief that the best use of the Solar 
Compass and this Key will be found in the schools 
where practical methods of Surveying are made a 
specialty. 

The practice with the Solar Compass cannot fail 
to give the learner greater facility in the rndimen- 
ary astronomical work.sometimes required of the 

ransit, 


crence Lectures ror THE Peopie. By Profes- 

sors Huxuey, Roscoe, Hucers, Locryer, Car- 
PENTER, and others. Manchester: John Heywood. 
London: Simpkin, Marshall & Co. For sale by 
Van Nostrand. 

No better aids to the diffusion of scientific 
knowledge have ever been issued from the press 
than these little books. Prepared by the foremost 
sciextific men of the age, with special reference to 
the needs of the unscientific reader, the most ad- 
vanced views and latest achievements are set forth 
in a style that insures their comprehension by 
those even who are not accustomed to the consid- 
eration of scientific theories. 

We hope these lectures will find their way to 
every school library in the land, 

The number of lectures thus far published is 22, 
in three separate series of 4, 5, and 13 lectures, re- 


spectively. 





MISCELLANEOUS, 


MERICAN Texescopes.—In the manufacture of 

optical instruments, we are at this time lead- 
ing all the nations of the earth. American micro- 
scopes, spectroscopes, and telescopes are certainly 
superior to any made in Europe, and this is 
acknowledged by some of the best scientific ob- 
servers of England and Germany. Tolles’s and 
Wales’s objectives are of the highest excellence, 
and none better have ever been produced. The 
telescopes of the Messrs. Clark, at Cambridge, 
stand at the head of all instruments of this class 
which are now made, and their orders, from parties 
at home and abroad, are much greater than they 
can promptly meet These celebrated makers have 
recently received orders for two telese pes, of 25 in. 
aperture, which, when completed, will be the largest 
instruments in the world. The largest hitherto 
made has an aperture of 24 inches. 


| pees OssErvaTory.—A monster iron observ- 
IM. atory is being erected on the roof of the Equit- 
able Life Assurance Company,.on:Broadway, New 
York. It will be 22 ft. high, while the roof of the 


building is 130 ft. above the side walk. It will be 
constructed of iron, cased with slate, and the in- 
terior dimensions will be 10 by 14 ft. The proba- 
bilities of the weather will be indicated by balls 12 
ft. in diameter, which will be displayed upon two 
signal staffs to be seen and understood from various 
points on Long Island Sound, Sandy Hook. and 
the inland waters of the Hudson and Harlem rivers. 
These will indicate where storms exist, and with 
how much force they are travelling. In the Equita- 
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ble Building will be exposed a large map, ee 
ing all the immense territory throughout which the 
service has its stations, reaching from Mexico to 
Canada and from the Atlantic to the Pacific coast. 
The state of the weather will be indicated by in- 
genious dials at each of these stations, from which 
reports will be received at the Equitable every five 
hours. A bulletin hung by the side of the map 
will give the record of at least five preceding ob- 
servations. The observatory in this city will form 
a part of an elaborate and perfect system of me- 
teorological observations along the coast and 
throughout the interior.—Am. Railway Times. 


Ca Gun Corron.—-The terrible disasters 
J noted from the explosion of nitro-glycerine 
within the last three years, have decided many 
against the use of this substance at all. The uses 
of dualin, or the newer lithofracteur, are open to 
similar objections, while nothing has, until lately, 
been found of equal explosive force with nitro- 
glycerine. A method of using gun cotton has for- 
tunately been discovered which will produce an 
explosive effect equal to that of either nitro-glyce- 
rine or dynamite, with none of the danger attend- 
ant upon the use of these substances. If gun- 
cotton be laid loosely on a surface, and lighted by 
contact of a lighted match or red iron, rapid com- 
bustion follows, with a dull sound, but without 
any explosive or violent effects. If the cotton, 
however, be compressed into a compact mass, and 
then ignited, the combustion is slower, and can be 
controlled to such a degree as to exhibit a smould- 
ering or slow fire without apparent flame. If into 
the mass of gun-cotton so compressed a detona- 
ting percussion powder be introduced, and ignited 
by the spark from a battery, or by a fuse, the result 
is totally changed. The explosion which ensues 
is equal in destructive power to that of nitro-gly- 
cerine, which is ponte we in the same way, and 
greatly superior to that of gun-cotton under ordi- 
nary circumstances. If several masses of compress- 
ed gun cotton be placed at short distances apart, 
and one be ignited by means of percussion powder, 
all the rest will explode with similar effect to that 
of the first. A fact of the utmost importance to 
those engaged in mining or blasting, is that the 
effect of gun cotton thus treated is equal, whether 
it be laid upon the surface of a rock or enclosed 
within the body ot it. Thus the accidents resulting 
from drilling, charging ard tamping in blasting 
may be avoided, together with a great economy in 
labor. For submarine blasting the uses of this 
invention are apparent, as the charge need only be 
enclosed in a water-tight sack or glass jar, and ex- 
ploded on the surface of the obstacle to be removed. 
For the removal of ice in harbors or around vessels 
this preparation may also be used with effect, as in- 
deed, for all the ordinary purposes to which a blast- 
ing powder is applied, with much less risk of acci- 
dent or expense of preparation. After the terrible 
explosion of a wagon load of nitro-glycerine in the 
oil regions lately, the adoption of some less dan- 
gerous agent to accomplish the same purpose 
seems desirable, and the use of compressed gun- 
cotton to supply the desideratum.—J/ron Age. 


(a anp Caronocrapus. —Mr. Norman Lock- 
yer, in his sixth lecture at the Royal Institu- 
tion, on the ‘* Instruments used in Modern Astron- 
omy,” referred to the methods ad pted for dividing 


and recording time. The ancients divided the day 
at all times of the year, from sunrise to sunset, into 





12 hours of varying length; and the earliest clocks 
were adapted to this arrangement. Archimedes is 
said to have constructed a clock with wheels mov- 
ed by a weight ; and the first clock in England is 
said to have been set up in Old Palace-yard, West- 
minster, in 1288, by means of a fine paid by the 
Lord Chief Justice. After referring to other early 
clocks, Mr. Lockyer stated that they consisted 
merely of wheels moved by a weight, the means 
adopted to regulate the motion being successively 
a fly-wheel, an alternating balance, and an upright 
arbor, or weighted horizontal bar. An invaluable 
aid to astronomical science arose from Galileo's 
discovery, in 1639, ot the isochronal property of 
oscillating bodies suspended by equal strings; und 
by Huyghens, in 1656, applying this principle to 
clocks, thus superseding the balance by tie pen- 
dulum. Still further progress was made by the 
ingenuity of Hooke, Clements, Graham, and Harri- 
son, Mr. Lockyer, by the aid of diagrams, 
explained these successive improvements, and 
then proceeded to exhibit in action a splendid 
modern astronomical clock, Jent him by Colonel 
Strange, stating thatthe principles now demanded 
in such clocks are, that the weight shall be small, 
and the pendulum heavy, and that there shall be 
as little connection between the two as possible. 
He then adverted to the precautions necessary to 
be observed to preserve the pendulum from the 
action of the temperature as much as possible, and 
alluded to the advantages of the mercurial pendu- 
lum. ‘The way in which the sidereal 24-hour clock 
is used with the transit instrument was then ex- 
plained and illustrated, especially in what is termed 
‘the eye and ear method,” by means of which the 
time when a star crosses a line can be ascertained 
to the tenth of a second. Mr. Lockyer then refer- 
red to Sir Charles Wheatstone’s patent, in 1840, for 
applying the electro-magnetic force to the record 
of very minute fractions of time. and then explain- 
ed the construction of a chronograph, kindly lent to 
him by Colonel Strange, by means of which the 
results of astronomical work can be instantaneous- 
ly recorded by the observer himself with the great- 
ext ease. After noticing various forms of this 
invaluable apparatus, as employed by Airy, Fou- 
cault and others, Mr. Lockyer concluded by de- 
monstrating the great importance of chronographs 
in the determination of the longitude of distant 
places, such as Washington. 


A RATHER singular invention for remedying the 
actual want of fuel in private houses became 
very popularin Paris during the siege. They pre- 
pared cylinders of clay impregnated with bitumi- 
nous substances ; these combu: tible cylinders were 
used like the ordinary charcoal which is necessaay 
in Parisian cookery. 


[ue Marsie Trape or THE Apuan Axps.—The 

marbles of the Apuan Alps, which are chiefly 
quarried at Carrara, Massa, and Serravezza, are of 
various qualities, but that which seems t» be the 
specialité of this district is the statuary marble ; 
and almost all the statuary and white marble em- 
ployed throughout Europe and America are deriv- 
ed from the Apuan Alps. Statuary mable, it is 
true, is found also in other parts of Italy, and in 
Algeria and America, but either from its inferior 
quality, or from the small quantity which is found, 
the marble of Carrara and of the neighboring locali- 
ties is the most esteemed, and from the richness of 
these quarries, and the excellence of the material 
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produced, the trade in statuary marble is almost a 
monopoly particular to this district. Under such 
favorable conditions, it would be surprising if the 
marble industry in the Apuan Alps was not flour- 
ishing ; and if, however, it has not attained the 
development of which it is susceptible, it is still one 
of the most important branches of Italian trade. 
The annual export of marble from this district is 
estimated by Professor Magenta, in an interesting 
work, lately published in Florence, entitled -* L’in- 
dustria dei Marmi Apuani,” at 100,000 tons, its 
ultimate destination being the United States, Great 
Britain, France, Holland, Belgium, Spain, and 
Russia. Leghorn alone exported, in 1866, 45,000 
tons of murble in blocks ; 56,000 tons, in 1867 ; 
77,000 tons in 1868; and in 1869 and 1870 the 
quantity of marble shipped was somewhat less. 
lt is remarkable that, notwithstanding the discov- 
ery, of late years, of excellent marble in America, 
the exports to that country are daily increasing, in 
spite of the high import duties which are levied by 
the Government in order to keep up the demand 
jor home produce. Of the three above-mentioned 
localities in the Apuan Alps, Carrara occupies the 
first place, both as regards the quality and the 
abundance of its production. Upwards of 3,000 
persons are employed in the quarries, and 550 at 
the saw-mills and atéliers of sculpture. The pro- 
duction of marble of this town is estimated at 
85,000 tons, to the value of £340,000 annually, 
making au average price of £4 per ton. At Massa, 
900 persons tind employment in the quarries and 
workshops, and the annual quantity of marble 
exported is about 12,000 tons. In the territory of 
Serravezza, there are at present more than 100 
quarries worked, producing annually 25,000 ions 
ot marble, chiefly in slabs, tor table tops and other 
small pieces. Although great progress has been 
made during late years in this industry, there is 
still room for improvement. The production is 
still in the hands of small capitalists, who, for the 
want of the spirit of association, and alone, are 
unable to introduce those improvements which 
might advantageously be adopted in the getting 
out of the stone, as also in the process now used 
for working the marble after it 1s quarried. The 
education of the workmen requires to be attended 
to, for even the foremen are in many cases unedu- 
cated. The road communication cannut be spoken 
of very highly, and in many cases they are mere 
tracks, rendering the transport costly and often 
impossible, as in the Val-d Arni, which contains 
rich beds of marble, which are but little worked on 
this accuunt. 


Curtous CaLcuLaTION CoNCERNING THE War 

InpemNity To BE Parp TO Prussia BY 
France.—The ‘Independence Belge’’ produces 
the following scientific curiosity in reference to 
the amount exacted from France by Prussia, It 
should be understood that a ‘‘milliard” is one 
thousand millions, say one-half the debt of the 
United States in dollars : 

‘On the 3lst of December next, there will not 
have elapsed a milliard of minutes of time since 
the beginning of the Christian era; that milliard 
of minutes will not be complete before the date of 
28th of March, 19V1. If, consequently, there had 
been put in a safe a 5-franc piece every minute 
since the beginning of the era alluded to. the in- 
demnuity of tive milliards of francs would not be 
paid off in c«pital—interest exclusive —before mid- 
day of the 28th of March, 19J1. The 5-franc 








piece has a weight of 25 grms., and the five mil- 
liards will, therefore, weigh 25.000,000 of kilos., 
a weight which. if loaded on railway trucks, each 
containing 5,000 kilos. (5 tous), would require 
5,000 trucks ; estimated in copper, the weight 
alluded to would be 500,000,000 of kilos., and would 
require 100,000 railway trucks for being conveyed. 
The diameter of the 5-frane piece is 37 milli- 
metres ; if, therefore, one milliard of these pieces 
are laid down so as to join closely, this would give 
a length of 37,000,000 metres, equal to 37,000 
kilometres, equal to 74 times the distance trom 
Paris to Strasbourg, which is 500 kilometres, 
and more than 32} times the distance from Paris 
to Berlin, eqnal to 1,13 kilometres. It would, 
therefore, be possible to pave, with one milliard 
of 5-franc pieces a road from Paris to Strasbourg, 
which road would have a width of 74 5-franc 
pieces, equal to 2,738 metres ; or a similar road 
might be made from Paris to Berlin, and have a 
width of nearly 33 of the same pieces, that is, 1.20 
metre. In order to cover a surface of a square 
metre, 730 5-franc pieces are required ; one mil- 
liard of these pieces will, therefore, cover 136 hee- 
tares, 98 ares, 63 centiares ; that is to say, nearly 
three times more than the surface occupied in the 
Champ de Mars at Paris by the Exposition of 1867, 
which only occupied a space of 46 hectares; but 
the indemnity to be paid is five milliard of francs, 
which, put together, would cover a surface of 684 
hectares, 93 ares, 15 centiares; that is, fifteen times 
more than the place occupied by the Exposi- 
tion just named. When 3 pieces of 5 francs are 
placed upon each other, the height of the pile is 
eqnal “to 8 millimetres ; the height attained by 
piling upon each other one milliard of these pieces 
would be 2,666,666 metres, 66 centimes, that is to 
say, if placed edgewise, on the ground, the leagth 
would be within 2,666 kilometres, which is very 
nearly the distance from Paris to St. Petersburg. 
The kilo, of one and of five-franc pieces contains, 
in each case, 900 grms. of pure silver.” 


r InstTiTuTION oF Civ. Enotneers.—At a re- 
cent meeting of the members of this Society, 
Mr. C. B. Vignoies, F.R.S., the President, an- 


nounced that he proposed to give a conversazione 
at the House of the Institution on Tuesday, the 
6th of June, for which occasion he should be glad 
to receive the loan of any engineering models, 
small and light pieces of mechanism, or scientific 
instruments, as well as of paintings, or water- 
color drawings, by ancient and modern masters of 
eminence, depicting some engineering work, ob- 
ject or matter of interest, as ‘a bridge, light- 
house, aqueduct, harbor, etc., set in its appro- 


priate landscape.” 
A TWO HUNDRED-GALLON self-regulating, clean- 
able, cement-lined tank filter, one of that class 
recently invented and patented by Captain Crease, 
Royal Marine Artillery, has for the last 3 months 
being on trial in H. M. S. Minotaur, the flag-ship 
of the channel squadron, against one of Atkins’ 
filters of the same capacity. The trial has resulted, 
very much in favor of Captain Crease’s tank filter, 
which has more than accomplished all that its per- 
formances at its official trial in January last prom- 
ised. This further trial has proved beyond a doubt 
the possibility of supplying a large shiy’s company 
with sufficient pure water for drinking purposes. 
It appears that the tank filter will be generally 
adopted throughout the service, 





